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Abstract 
 
     The quality of surface water depends upon the character and the area 
of water shed ,its geology and topography, the extent and nature of the 
development by man , time of year and weather condition. 
     Blue Nile as a surface water resource; its water quality affected by 
many of the above factors (the extent and nature of the development by 
man which  include removal of vegetation by cutting forest and 
unmanaged agriculture)that lead to excessive soil erosion particularly 
during the flood season so, produced  high turbid water .The range of 
turbidity reached 21400 NTU and TSS 25500 during the flood season of 
the year 2002 in august .The water quality patter for the Blue Nile had 
been assessed by using daily recorded data from Mogran w/ws during the 
flood seasons for the year (1994-2003). 
      To treat such turbid water , plain sedimentation is essential before 
coagulation and filtration processes. At present Khartoum state water 
treatment plants have no plain sedimentation units and the treatment used 
was coagulation followed by filtration. The common coagulant used was 
Aluminum sulphate (alum), the doses applied exceeding WHO standards 
which is 150 p.p.m and the applied dose reach 620p.p.m during the flood 
season of 1990 (august). Using of alum for high turbid water was found 
impractical. 
    Two effective coagulants were used: organic polymer called poly 
DADMAC used as coagulant aid with alum, it was effective for high 
turbidity and color removal and decreasing the amount of sludge resulting 
from the flocculation process. But it needs exact chemical analysis such 
as polymer content, monomer content, organic and inorganic 
contaminants to avoid the health risks associated with residual polymer, 
monomer and contaminants. 
  
     The other effective coagulants was inorganic polymer called Poly 
Aluminum Chloride (PAC), also found effective for high turbidity 
removal and found less in daily amounts used and cost comparing with 
alum and polymer with alum. Also the doses should be within the 
recommended  safe dose to avoid the health risks associated with residual 
aluminum .   
     At all Khartoum water plants , there is no treatment for the sludge and 
deposits that resulting from flocculation process and they were discarded 
directly to Nile .  
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 ﺍﻟﺨﻼﺼﺔ
ﺘﻌﺘﻤﺩ ﻨﻭﻋﻴﺔ ﻭﻜﻤﻴﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﺴﻁﺤﻴﺔ ﻋﻠﻰ ﻁﺒﻴﻌﺔ ﻭﺨﻭﺍﺹ ﺍﻟﻤﻨﻁﻘﺔ ﺍﻟﺠﺎﺒﻴﺔ ﻭﻤﻨﺎﻁﻕ ﺍﻟﺠﺭﻴﺎﻥ     
ﺍﻟﺘﻭﺴﻊ ﻭﺍﻟﻨﺸﺎﻁ ﺍﻟﺒﺸﺭﻯ ﺒﺘﻠﻙ ﺍﻟﻤﻨـﺎﻁﻕ ، ﺘﺸﻤل ﺘﻠﻙ ﺍﻟﺨﻭﺍﺹ ﺠﻴﻭﻟﻭﺠﻴﺔ ﻭﻁﺒﻭﻏﺭﺍﻓﻴﺔ ﺍﻟﻤﻨﻁﻘﺔ 
  .                                     ﻤل ﺍﻟﻁﻘﺱ ﻭﺍﻟﻤﻨﺎﺥﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻔﺼﻠﻴﺔ ﺨﻼل ﺍﻟﺴﻨﺔ ﻭﻋﻭﺍ،
 ﺘﺎﺜﺭﺕ ﺒﺒﻌﺽ ﺍﻟﻌﻭﺍﻤل - ﻭﺍﻟﺫﻯ ﻴﺸﻜل ﻤﺼﺩﺭ ﻤﻥ ﻤﺼﺎﺩﺭ ﺍﻟﻤﻴﺎﻩ ﺍﻟﺴﻁﺤﻴﺔ - ﻤﻴﺎﻩ ﺍﻟﻨﻴل ﺍﻻﺯﺭﻕ 
ﺍﻫﻤﻬﺎ ﺍﻟﺘﻭﺴﻊ ﻭﺍﻟﻨﺸﺎﻁ ﺍﻟﺒﺸﺭﻯ ﺍﻟﺫﻯ ﺤﺩﺙ ﻓﻰ ﺍﻻﺭﺍﻀﻰ ﺍﻻﺜﻴﻭﺒﻴﺔ ﻭﻋﻠﻰ ﻁﻭل ﻤﺠﺭﻯ ،ﺍﻟﺴﺎﺒﻘﺔ 
 ﺒﺎﻟﻘﻁﻊ ﺍﻟﺠﺎﺌﺭ ﻟﻠﻐﺎﺒﺎﺕ ﻭﺍﻟﻨـﺸﺎﻁ ﺍﻟﺯﺭﺍﻋـﻰ ﻏﻴـﺭ ﺍﻟﻨﻬﺭ ﻭﺍﻟﺫﻯ ﺘﻤﺜل ﻓﻰ ﺍﺯﺍﻟﺔ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ 
ﻰ ﺯﻴﺎﺩﺓ ﻜﻤﻴﺎﺕ ﺍﻟﻁﻤـﻰ ﻭﺍﻟﻤـﻭﺍﺩ ﻟﺯﻴﺎﺩﺓ ﺍﻟﻨﺤﺭ ﻟﻠﺘﺭﺒﺔ ﺍﻟﺴﻁﺤﻴﺔ ﻭﺒﺎﻟﺘﺎ ﺩﻯ ﺍﻟﻰ ﺃﺍﻟﻤﻨﻅﻡ ﻜل ﺫﻟﻙ 
ﻭﺍﻟﻤﻭﺍﺩ ( ﻭﺤﺩﺓ ﻋﻜﺎﺭﺓ   00412 )ﺒﻠﻐﺕ ﻤﻌﺩﻻﺕ ﺍﻟﻌﻜﺎﺭﺓ  ﻭﻗﺩﺍﻟﺼﻠﺒﺔ ﺍﻟﻜﻠﻴﺔ ﺨﻼل ﻤﻭﺍﺴﻡ ﺍﻟﻔﻴﻀﺎﻨ 
  .        ﺸﻬﺭ ﺍﻏﺴﻁﺱ  ﻓﻰ2002ﻥ ﻋﺎﻡ ﺨﻼل ﻤﻭﺴﻡ ﻓﻴﻀﺎ( ﻟﺘﺭ/ﻤﻠﺠﻡ 00552 )ﺍﻟﺼﻠﺒﺔ ﺍﻟﻜﻠﻴﺔ
ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﻐﻴﺭ ﻨﻤﻁ ﻤﻴﺎﻩ ﺍﻟﻨﻴل ﺍﻻﺯﺭﻕ ﻟﻠﻌﺸﺭ ﺴﻨﻭﺍﺕ ﺍﻟﻤﺎﻀﻴﺔﺨﻼل ﻤﻭﺍﺴﻡ ﺍﻟﻔﻴـﻀﺎﻥ ﻤـﻥ 
  ( .                       3002  -4991) ﺨﻼل ﺒﻴﺎﻨﺎﺕ ﺍﻟﺭﺼﺩ ﺍﻟﻴﻭﻤﻰ ﻟﻤﺤﻁﺔ ﻤﻴﺎﻩ ﺍﻟﻤﻘﺭﻥ
ﻴﻌﻰ ﺍﻭ ﺍﺒﺘﺩﺍﺌﻰ ﻗﺒـل ﻟﻤﻌﺎﻟﺠﺔ ﻤﻴﺎﻩ ﺒﺘﻠﻙ ﺍﻟﺩﺭﺠﺔ ﻤﻥ ﺍﻟﺘﻌﻜﺭ ﻻﺒﺩ ﻤﻥ ﻭﺠﻭﺩ ﻭﺤﺩﺍﺕ ﺘﺭﺴﻴﺏ ﻁﺒ  
ﻭﻻ ﺘﻭﺠﺩ ﺤﺎﻟﻴﺎ ﻓـﻰ . ﻭﺫﻟﻙ ﻟﺘﻘﻠﻴل ﻜﻤﻴﺎﺕ ﺍﻟﻤﻭﺍﺩ ﺍﻟﺼﻠﺒﺔ ﻭﺍﻟﻌﻜﺎﺭﺓ ﻋﻤﻠﻴﺘﻰ ﺍﻟﺘﺭﻭﻴﺏ ﻭﺍﻟﺘﺭﺸﻴﺢ 
ﺠﻤﻴﻊ ﻤﺤﻁﺎﺕ ﺍﻟﺘﻨﻘﻴﺔ ﺒﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻭﺤﺩﺍﺕ ﺘﺭﺴﻴﺏ ﺍﺒﺘﺩﺍﺌﻴـﺔ ﻭﺘـﺘﻡ ﺍﻟﻤﻌﺎﺠـﺔ ﺒﺎﻟﺘﺭﻭﻴـﺏ 
                 .                                                                 ﻭﺍﻟﺘﺭﺸﻴﺢ 
ﺎﺕ ﻜﺒﻴﺭﺓ ﻭﻗﺩ ﺍﺴﺘﺨﺩﻤﺕ ﺒﻜﻤﻴ ( ﺘﺎﺕ ﺍﻻﻟﻤﻭﻨﻴﻭﻡ ﻜﺒﺭﻴ) ﻤﻥ ﺍﻫﻡ ﺍﻟﻤﺭﻭﺒﺎﺕ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻤﺎﺩﺓ ﺍﻟﺸﺏ   
 ﺠـﺯﺀ ﻓـﻰ 051)ﻗﺒل ﻤﻨﻅﻤﺔ ﺍﻟﺼﺤﺔ ﺍﻟﻌﺎﻟﻤﻴﺔ  ﻭﺠﺭﻋﺎﺕ ﻋﺎﻟﻴﺔ ﻓﺎﻗﺕ ﺍﻟﻤﻌﻴﺎﺭ ﺍﻟﻤﻭﺼﻰ ﺒﻪ ﻤﻥ 
  ( ﺠﺯﺀ ﻓﻰ ﺍﻟﻤﻠﻴﻥ026) ﺒﻴﻨﻤﺎ ﺒﻠﻐﺕ ﺍﻟﺠﺭﻋﺎﺕ ﺍﻟﻤﺴﺘﺨﻤﺔ،ﻜﺎﻗﺼﻰ ﺠﺭﻋﺔ ﻤﺴﻤﻭﺡ ﺒﻬﺎ ( ﺍﻟﻤﻠﻴﻭﻥ
   
 
ن اﺳѧﺘﺨﺪام ﻣѧﺎدة اﻟѧﺸﺐ ﻟﻤﻌﺎﻟﺠѧﺔ ﻣﻴѧﺎﻩ ﺷѧﺪﻳﺪة اﻟﺘﻌﻜѧﺮ ﻏﻴѧﺮ أوﻗѧﺪ وﺟѧﺪ .  0991 ﺧﻼل ﻣﻮﺳѧﻢ ﻓﻴѧﻀﺎن 
  .                                                                    ﻋﻤﻠﻰ وﻻ ﻳﻌﻄﻰ ﻣﻴﺎﻩ ﺑﺎﻟﺠﻮدة اﻟﻤﻄﻠﻮﺑﺔ 
 اﻟﻌѧѧﻀﻮﻳﺔ ﻳѧѧﺴﻤﻰ ﺗѧﻢ اﺳѧѧﺘﺨﺪام ﻣﺮوﺑѧѧﺎت وﻣѧѧﺴﺎﻋﺪات ﻣﺮوﺑѧѧﺎت اآﺜѧѧﺮ ﻓﻌﺎﻟﻴѧѧﺔ ﻣﻨﻬѧѧﺎ اﺣѧѧﺪ اﻟﺒѧѧﻮﻟﻴﻤﺮات   
ﻓﻰ ازاﻟﺔ اﻟﻌﻜﺎرة اﻟﻌﺎﻟﻴѧﺔ واﻟﻠѧﻮن ﻣѧﻦ اﻟﻤѧﺎء آﻤѧﺎ ﻗﻠѧﻞ  آﻤﺴﺎﻋﺪ ﻟﻠﺸﺐ وﻗﺪ اﺛﺒﺖ ﻓﻌﺎﻟﻴﺔ (ﺑﻮﻟﻰ دادﻣﺎك )
ﻟﺘﺤﺪﻳѧﺪ ﻧѧﺴﺐ ﻠﻴﻞ آﻴﻤﻴѧﺎﺋﻰ دﻗﻴѧﻖ ﻏﻴﺮ اﻧﻪ ﻳﺤﺘﺎج اﻟﻰ ﺗﺤ . اﻟﺘﻠﺒﺪ آﻤﻴﺔ اﻟﺮواﺳﺐ اﻟﻨﺎﺗﺠﺔ ﻣﻦ ﻋﻤﻠﻴﺔ ﻣﻦ 
وﻏﻴﺮ اﻟﻌѧﻀﻮﻳﺔ اﻟﻤﺘﻮﻗﻌѧﺔوذﻟﻚ اﻟﻤﻨﻮﻣﺮ وآﻤﻴﺔ وﻧﻮع اﻟﻤﻠﻮﺛﺎت اﻟﻌﻀﻮﻳﺔ ،ﻘﻰ وآﻤﻴﺎت اﻟﺒﻮﻟﻴﻤﺮ اﻟﻤﺘﺒ 
  .                                                ﻟﺘﻔﺎدى اﻟﻤﺨﺎﻃﺮ اﻟﺼﺤﻴﺔ اﻟﺘﻰ ﻗﺪ ﺗﻨﺘﺞ ﻣﻦ ﺗﻠﻚ اﻟﻤﻮاد
 آﻠﻮراﻳѧﺪ وهѧﻮ ﺑѧﻮﻟﻴﻤﺮ ﻏﻴѧﺮ ﻋѧﻀﻮى اﺛﺒѧﺖ مﺗѧﻢ اﺳѧﺘﺨﺪام ﻣѧﺮوب اﺧѧﺮ وهѧﻮ ﻣѧﺎدة اﻟﺒѧﻮﻟﻰ اﻟﻤﻮﻧﻴѧﻮ   
 اﻟﻴﻮﻣﻴѧﺔ اﻟﻤѧﺴﺨﺪﻣﺔ ﻣﻨѧﻪ اﻗѧﻞ ﻣﻘﺎرﻧѧﺔ ﺑﺎﻟѧﺸﺐ ﻓﻌﺎﻟﻴﺘﻪ ﻓﻰ ازاﻟѧﺔ اﻟﻌﻜѧﺎرة اﻟﻌﺎﻟﻴѧﺔ آﻤѧﺎ وﺟѧﺪ ان اﻟﻜﻤﻴѧﺎت 
ﻟﻜﻦ وﻟﺘﻔﺎدى اﻟﻤﺨѧﺎﻃﺮ اﻟѧﺼﺤﻴﺔ اﻟﺘѧﻰ ﻗѧﺪ ﺗѧﻨﺠﻢ ﻣѧﻦ اﻻﻟﻤѧﻮﻧﻴﻢ اﻟﻤﺘﺒﻘѧﻰ . واﻟﺒﻮﻟﻰ دادﻣﺎك وﺑﺘﻜﻠﻔﺔ اﻗﻞ 
  .                                                 ﻳﺠﺐ اﺳﺘﺨﺪاﻣﻪ ﺑﺠﺮﻋﺎت ﻓﻰ اﻟﺤﺪود اﻟﻤﻮﺻﻰ ﺑﻬﺎ ﻋﺎﻟﻤﻴﺎ
ﺠﺔ ﻣﻦ ﻋﻤﻠﻴﺔ اﻟﺘﻠﺒﺪ ﻓﻰ آѧﻞ ﻣﺤﻄѧﺎت اﻟﺘﻨﻘﻴѧﺔ ﺑﻮﻻﻳѧﺔ اﻟﺨﺮﻃѧﻮم ﺑѧﻞ ﻳѧﺘﻢ  اﻟﻨﺎﺗ اﻟﺮواﺳﺐﺗﺘﻢ ﻣﻌﺎﻟﺠﺔ ﻻ   
  .                                ﺑﻴﺌﻴﺔاﻟﺘﺨﻠﺺ ﻣﻨﻬﺎ ﻣﺒﺎﺷﺮة ﺑﺎرﺟﺎﻋﻬﺎ ﻟﻠﻨﻴﻞ ﻣﻤﺎ ﻗﺪ ﻳﺸﻜﻞ ﻣﺨﺎﻃﺮ 
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CHAPTER ONE  
INTRODUCTION 
 
1.1. Background 
    Water is essential to sustain life, and satisfactory supply must be made 
available to consumers. Every effort should be made to achieve a 
drinking – water quality as high as practicable. Quality of drinking water 
has great impact on human health.                                                              
   Water is treated for variety of purposes, including removal of 
pathogenic microorganisms, tastes odors, color, turbidity, dissolved 
minerals and harmful organic materials. 
  Water Treatment in Khartoum State(22)     :-                    
     Surface water and ground water represent the main sources of drinking 
water in Sudan.                                                                                       
  Most of Khartoum state demand is fulfilled by Blue Nile supporting 
with White Nile and well water. There are (6) water treatment plants with 
total average capacity (207,000 m3/day) decreasing to (134,000m3/day) 
during the flood season because of the high ranges of turbidity and 
suspended solids .These plants are:-                                                       
Mogren water plant: use Blue Nile during the flood season and White 
Nile water for the rest of the year.                                                             
Burri water plant:-use Blue Nile water all over the year.                  
Khartoum North (old):- use Blue Nile water all over the year.  
Khartoum North (new):- use Blue Nile water all over the year.     
Omdurman: - use White Nile water all over the year.                        
Tutti: - use Blue Nile water all over the year.                          
There is anew water treatment plant under construction at Soba extracting 
   water from Blue Nile River. 
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         Water of Nile and its tributaries (Blue & White) has an excellent 
chemical properties see annex(1) ,but it has varying physical properties 
( suspended solid & turbidity ) particularly during the flood seasons . 
Suspended solid, especially mineral matter can vary from small quantities 
to thousands of milligrams per liter in the natural waters, depending upon 
the nature of soil, rain fall characteristics, activities in catchment's area 
and the nature of bottom sediments, The conditions usually leading to 
excessive soil erosion like removal of vegetation, un managed agriculture 
and sandy nature of soil may increase the silt load of run- off waters. 
During the rainy season, almost all the bodies of water are heavily loaded 
with mineral particles.                                                                                  
     The problem of increasing ranges of suspended solids and turbidity 
has been clearly noticed for the Blue Nile particularly during the last ten 
years ,for the flood seasons from 1994 to 1998 the max turbidity is (8400 
NTU ) and the max TSS is ( 16500 mg/l ) ,increasing on the next five 
years from 1998 to 2003 to reach (21400 NTU ) as max turbidity and max 
TSS (22300 mg/l ) . On that high ranges of turbidity treatment with 
aluminum sulfate ( alum ) as coagulant will be impracticable if we know 
that the max permissible dose recommended by WHO is ( 150 mg/l ) and 
in 1994 the dose applied reached  360 mg/l for turbidity 5430 FTU . 
Looking for an effective coagulants is an urgent matter .Poly DADMAC 
which is one of several synthetic cationic organic polyelectrolyte, 
introduced to Sudan and was used as coagulant aid during the flood 
season of 1999 with dose ranges (1-3 p.p.m) .In 2002 another chemical 
coagulant was used which is inorganic in nature called Poly Aluminum 
Chloride (PAC) with dose ranges (14-40 p.p.m).                                        
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1.2 General Objectives:- 
  This study is focused on the quality of surface water from Blue Nile as it 
represents the major source for drinking water for Khartoum state during 
flood season (July -September) when the river water is very turbid. 
Previous records of water quality (turbidity & suspended solid) were 
obtained. To improve the quality of treated water of Blue Nile during the 
flood seasons efficient coagulants and coagulant aids were   identified. 
   1.3 Specific objectives:-                                                                             
1- Assessing water quality pattern for the Blue Nile during the last ten 
   years for the flood seasons from daily recorded data from Mogren water 
   plant.                                                                                                          
2- Identifying the effectiveness of coagulants and coagulant aids                         
(polymer) recently used in Khartoum state water plants. 
3- Suggesting measures for improving physical water quality (turbidity                         
- & suspended solid).                                                       
4-   To outline the health risks that can happen from residual of aluminum               
and polymer over long term of application in water industry. 
 1.4 Research methodology:- 
     The methodologies used for this research include a literature review, 
previous record as resource of data and experimental work. The various 
tasks involved in this research include the following: 
1. Literature review for the quality of water, water treatment process 
and some of the previous work on the uses of coagulants in         
Sudan and economical comparison between some of chemical 
coagulants recently used in Khartoum water plants 
2. Collecting of the data from previous daily records from the central 
laboratory at Al-Mogran w/ws for the last ten years. 
3. A review of the Blue Nile basin and the human activities. 
4. Collection of a raw water samples from the Blue Nile. 
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5. Laboratory analysis for the raw water samples including Jar test 
and turbidity, PH & alkalinity measurements. 
6. Analysis of the collected data and the laboratory experiments. 
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CHAPTER TWO  
LITRERURE REVIEW 
 
2.1 Quality of water:-  
2.1.1 Wholesome water:- 
     Water to be used for a public supply must be potable i.e. drinkable. It 
should not be chemically pure because water without dissolved and 
suspended matter is both unpalatable and unhygienic. Chemically pure 
water is that water which contains only two parts of Hydrogen and one 
part of Oxygen by volume. An absolutely pure is not recommended for 
human health as this water does not contain certain minerals which are 
very essential to health .Thus the wholesome water is neither chemically 
pure nor it contains any thing harmful to human health . 
The wholesome water should exhibit the following requirement: - 
(i) Free from pathogenic bacteria. 
(ii) Free from color, odor and turbidity. 
(iii) Tasty and cool. 
(iv) Not to corrode the pipes. 
(v) NO objectionable matter. 
(vi) Contain dissolved Oxygen and free Carbonic acid so that it may 
remain fresh. 
2.1.2 Potable water: -  
         It is safe to drink, suitable for domestic use and pleasant to taste. 
2.1.3 Polluted water: -  
         It contains undesirable substances, and is not fit for drinking and 
domestic use. 
2.1.4 Contaminated water: -  
             It contains disease bacteria, polluted and unfit for use. 
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2.1.5 Infected water: -  
         Infected water is water contaminated with pathogenic organisms. 
2.2 Impurities in water: - 
       The common impurities present in water can be classified as 
follows: - 
i-Suspended impurities: - 
         The solid particles which are dispersed in water are called 
suspended impurities. 
          The solid particles may have their specific gravity equal, less or 
more than the specific gravity of water .the particles of the same s.p 
gravity are mixed in water. Those of less s.p gravity are lighter and 
float on the surface of the water. The solid particles of higher specific 
gravity are heavier than water and they settle down after filtration and 
sedimentation respectively. 
           The suspended impurities contain the following substances:- 
(a) Bacteria – Pathogenic or non – Pathogenic. 
(b)  Algae, fungi, protozoa cause odor and turbidity. 
(c)  Clay, silt and other inorganic soils cause turbidity. 
          These are microscopic and bring about turbidity in the water. 
The load (concentration) of suspended matter is measured by its 
turbidity.  
ii-Colloidal impurities: - 
           These are finely divided particles solid dispersed in the water. 
These particles are so small in size; that cannot be removed by 
ordinary filters and are not visible to naked eye. All the colloidal 
impurities are electrically charged and remain in continuous 
movement. Colloidal particles vary in sizes from  
1µ (= 1micron = 10-3 mm) to  
1µ µ (= 1 mill micron = 10-6 mm) 
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       The existence of such impurities can be detected by the Tyndal 
effect and Brownian movement. The color imparted to water is due to 
colloidal impurities.  
       Table (2-1):  showing various effects of suspended and colloidal 
impurities :(3) 
                               Causes                               Effects 
1-Suspended     (i) protozoa , algae , fungi      color ,odor , turbidity  
                         (ii) Silt , clay , mineral,           Turbidity 
                              organic matter 
                         (iii) Bacteria                            Diseases 
2- Colloidal         if associated with                   Chief source of epidemic   
                           organic matter having  
                            bacteria  
 
iii – Dissolved Impurities:-  
       Dissolved impurities are those which are taken up by water on 
account of its action as solvent.. These impurities generally tend to 
make the water hard. 
 The effects of dissolved impurities are  (3): -  
Calcium and          Bicarbonate – cause hardness and alkalinity.  
Magnesium              Carbonate – cause hardness and alkalinity.  
                               Sulphate – cause hardness. 
                               Chloride – cause hardness and corrosion.  
                                Bicarbonate – cause alkalinity and softening  
Sodium                     Carbonate –               – do –   
                                Fluoride – cause mottle enamel to teeth. 
                                Chloride – taste.  
 
 
   
- 8 - 
                                     Mangenese – plade or brown color . 
                                 Iron oxide – taste , hadness , corrosion red color .     
Metals                        Lead – cause lead poisoning. 
                                 Arsenic – poisoning.     
                                Oxygen – corrode the metals.   
                                Carbon dioxide – cause acidity and corrode the                   
Gases                        metals. 
                                 Hydrogen Sulphide – cause rotten – egg odor,  
                                  Acidity and corrode the metals.  
 
2.3 Examination of water (water analysis): -  
   Water analysis consists of the following: -  
(i) Sampling of water. 
(ii) Physical examination. 
(iii) Chemical examination. 
(iv) Bacteriological examination. 
2.3.1 Sampling of water (3): -  
      Because of the probable daily and seasonal changes in the quality 
of natural water, It is desirable that samples for analysis should be 
collected frequently and over along period of time. 
   Samples are collected in sterilized bottles having stoppers. The 
sterilization is done by heating the bottles or by mixing them with 
concentrated Nitric acid or Sulphuric acid. All these acids should be   
The water or bottle should not be touched at the time of filling. The 
date, time, place and number should be labeled the bottle. The nature 
of supply i.e. whether taken from well, stream, sedimentation tank etc, 
should also be labeled on the bottle. 
Both the raw water from the source and purified (treated) water are 
examined to find out the actual condition of water and after treatment. 
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The treated water being supplied to the consumers from day – to – day 
is of the specified standard laid down by the public health department. 
2.3.2 Physical Analysis (3), (9) : - 
The qualitative properties water which is discussed under physical 
examination includes temperature, odor, turbidity, color and taste. 
(a) Temperature : - 
The temperature of water is measured by an ordinary thermometer. 
(b) Taste and Odor : - 
The presence of taste and / or odor in water is recognized by the 
response of human cells to particular chemicals. Many chemicals can 
give rise to taste or odors; for example, the byproducts of micro-
organisms, hydrogen sulphide dissolved salts and decaying vegetable 
matter. Some chemicals will give rise to taste or odor only; for 
example, the presence of sodium chloride (salt) in water produces 
salty taste but no odor. For other chemicals it is difficult to define the 
effects because the odors are apparent only when the water is in the 
mouth. An aim of water – supply under taking is to provide water 
which is not objectionable to the consumer, therefore taste and odor 
are assessed by panels of individuals. Detailed procedures have been 
devised for the production of odor and taste – free water and for the 
testing of samples. The samples can be rated on a scale which 
describes their acceptance to consumers, or the dilution required to 
eliminate a taste or odor can be recorded as the threshold of the taste 
or odor. 
(c) Turbidity(9) : -  
     Turbidity is the measure of the ability of water to scatter light. The 
earliest method for determination of turbidity used Jackson candle 
turbidimeter in which candle flame was viewed through a column of 
water contained in a calibrated glass tube. Units of turbidity using this 
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apparatus are expressed as Jackson Turbidity Units (JTU). Since the 
lowest value could be measured directly by this technique was 25 
units, the Jackson candle was limited in application to turbid waters.  
Measurement of turbidity in treated drinking water, commonly less 
than unit, is measured using a pre calibrated commercial turbidimeter 
(nephelometer) see plate(6). Units of turbidity using Nephelometric 
Turbidity Units (NTU), light from tungsten – flamed lamp is focused 
and passed through the water sample. Transmitted and forward scatter 
detectors received light passing through the sample. The back scatter 
detector measures light scattered back toward the light source. The 90o 
scatter detector receives light scatter by particles in the water at a right 
angle to the light beam. In the non – ratio mode for moderate to high 
turbidity, the measurement is the light received by the 90o scatter 
detector. The back scatter detector is incorporated to permit 
measurement of very high turbidity. In the ratio mode for low turbidity 
, forward scatter is negligible compared to transmitted light and the 
measurement is a ratio of 90o scattered light to transmitted light . This 
ratio mode provides calibration stability, linearity over a wide range, 
and negates the effect of color in the water sample. 
(d) color : -  
  Color in water may result from natural minerals, such as iron and 
manganese, vegetable origins – humus material and tannins – or 
colored wastes discharged from variety of industries including mining, 
refining, pulp and paper, chemicals and food processing. True color of 
water is considered to be only that attributable to substances in 
solution after removal of suspended materials by centrifuging or 
filtration. In domestic water color is undesirable aesthetically and may 
dull clothes or stain fixtures. Stringent color limits are required for 
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water use in many industries – beverage production, dairy and food 
processing, paper manufacturing and textiles.  
   Standards color solutions are composed of potassium chloroplatinate 
( K2 Pt Cl6 ) tinted with small amounts of cobalt chloride. The color 
produced by 1 mg/l of platinum in combination with ½ mg/l of 
metallic cobalt it taken as 1 standard color unit. The yellow brownish 
hue produced by these metals in solution is similar to that found in 
natural waters. Comparison tubes containing standard platinum – 
cobalt solutions ranging from 0 to 70 color units are used for visual 
measurements; however, laboratories often employ a colorimeter for 
reading.   
2.3.3 Chemical Examinations(3),(9): - 
(a) Hydrogen Ion Concentration: -  
The term PH is used to express the intensity of an acid or alkaline 
solution. Hydrogen ion concentration is measured using a meter that 
reads directly in PH unit's .A stand which is a combination PH 
electrode with a built – in temperature sensor. Other stand on which a 
separate glass electrode in association with a calomel electrode dipped 
into the solution detects hydrogen ions.  
(b) Alkalinity and Acidity: -  
 The bicarbonate – carbonate character of water can be analyzed by 
slowly adding a strong acid solution to a sample of water, reading 
resultant changes in PH. This process, called titration, is used to 
measure the alkalinity of water. A laboratory apparatus for titration 
analysis is shown in plate (5). The container with measured sample 
volume stirred while a standardized titrant solution is calibrated 
burette is dispensed into it. End point of titration is determined either 
by colorimetric indicator added to the sample or by use of a glass PH 
electrode and meter. 
   
- 12 - 
  The primary need for alkalinity measurement is related to water 
processing, although this measurement routinely included in any water 
analysis. Since lime in water softening and coagulants for turbidity 
removal react with alkalinity, it is essential that this parameter be 
monitored in both raw and treated water to ensure optimum dosages of 
treatment chemicals. Buffering actions for control of PH in biological 
systems is the Carbon dioxide – bicarbonate system; therefore, 
alkalinity measurements are performed on aerating waste waters and 
digesting sludge in evaluating environmental conditions. Acidity is a 
measure of Carbon dioxide and other acids solution. Analysis is by 
titration, similar to that used in the determination of alkalinity. Strong 
inorganic – acid acidity exists below PH 4.5, while carbon dioxide 
acidity (carbonic acid) is between PH 4.5 and 8.3. A measured volume 
of water sample is titrated with 0.02 N Na OH from the existing PH to 
a PH of 8.3, noting the amount of milliliters of titrant used below PH 
3.7 and that neutralized between 3.7 and 8.3. Acidity , conventionally 
expressed in terms of milligrams CaCo3 per liter , is calculated by the 
below equation , Methyl Orange acidity is that below PH 4.5 , 
Phenolphthalein exists in the PH range of 3.7 to 8.3 , and total acidity 
is the sum of these two values .  
Acidity as mg / CaCo3 =  
                          (Ml titrant × normality of base   ×50,000 )  
                                                 Ml sample 
(c) Hardness: -  
    Hardness is caused by multivalent metallic cations; those most 
abundant in natural waters are Calcium and Magnesium. The most 
common testing method for hardness is the EDTA titrimetric method. 
Disodium ethylene diamine tetra acetate (Na2 EDTA ) from stable 
complex ions with Ca++ , Mg++ , and other divalent cations causing 
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hardness , thus removing them from solution . If a small amount of dye, 
Eriochrome Black T, is added to the water containing hardness ions at PH 
10 the solution becomes wine; in absence of hardness the color is blue. 
The test procedure uses a titration apparatus, the burette filled with a 
standardized EDTA solution for dispensing into a measured water sample 
containing indicator or dye. EDTA added complexes hardness ion until 
all have been removed from solution and the water color change from 
wine red to blue. 
  Hardness is conventionally expressed in the units of mg/l as Ca Co3 and 
is calculated from the laboratory data by the following:  
Hardness as mg/l CaCo3 =  
                                        ml titrant × CaCo3  equivalent of EDTA × 1000    
                                                           Ml sample 
(d) Total Solids:- 
The impurities of water in the suspended, colloidal and dissolved 
forms are termed as total solids in water. The quality of solids present 
in water can be found out by evaporating a sample of water and then 
weighing the dry residue left. To find the suspended solids the water 
sample is filtered and the residue left on the filter paper is weighed. 
The difference between the total solids and suspended solids will give 
the dissolved solids. 
 (e) Chlorides: -  
   Chlorides are usually present in water in the form of Sodium 
Chloride (NaCl) and may have access to water due to: pollution from 
sea water, industrial and domestic wastes etc .These impart a salty 
waste in waste if the concentration exceeds 250 gm /l (3) .Hence 
Chlorides content in water above 250 gm/l are not allowed .The 
Chloride content can be measured by titrating the water with standard 
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Silver nitrate (AgNo3) solution using Potassium Chromate (K2CrO4 ) 
as indicator. 
(f) Chlorine:- 
    Dissolved free Chlorine is not found in natural water. It is present in 
treated water resulting from disinfection with Chlorine. The Chlorine 
remains as residual in treated water for the sake of safety against 
pathogenic bacteria. The residual Chlorine is limited fro 0.05 to 0.2 
p.p.m. in water to kill the disease borne bacteria. The free Chlorine can 
be detected by two methods, the starch Iodide method and 
orthotolidine method. 
(g) Organic Matter:-  
     It is produced by decaying vegetable or plant matter and waste 
products from animal and human beings .In general, when a chemical 
analysis of a sample of water shows the presence of large a mounts of 
Chlorides, Ammonia and Nitrate or Nitrite, contamination with sewage 
is indicated. An examination of the water- shed must then be made to 
determine whether such contamination is possible. 
2.3.4 Bacteriological Examination (3): - 
    A bacteriological analysis is a safer criterion for determining the 
fitness of water for drinking than chemical analysis and the 
consequently is of prime importance to the water works engineer.  
There are two standard tests performed: 
(i) Total count of bacteria: - In this method total number of 
bacteria present in a milliliter (c.c.) of water is counted. One ml 
of water sample is diluted in 99 ml of sterilized water, and then 
one ml of the diluted water is added to 10 ml agar (culture 
medium). This mixture is then kept in incubator at 37oC for 24 
hours, it is taken out from the incubator and colonies of bacteria 
are counted by means of microscope. Then the product of total 
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number of colonies and the dilution factor will indicate the total 
number of bacteria per milliliter of undiluted water sample. 
(ii) The determination of the presence or absence of the coli -
aerogenes ( intestinal ) bacteria -(B- coli ) :- 
In B-coli test the presence of B-coli indicates that excreta of 
men and animals have mixed with water and have not yet been 
destroyed (decomposed). The absence of B-coli represents the 
absence of any other bacteria of grams.  
The examination of bacteria of the coli-aerogenes group 
consists of:  
(a) Presumptive test. 
(b) Confirmed test. 
(c) Completed test. 
(a) In presumptive test a definite amount of diluted water sample is 
incubated in a standard fermentation tube containing lactose broth 
for 24 hours or 48 hours, it means the test is positive (bacteria are 
present). Absence of gas in 24 hours indicates that test is negative 
and water is safe.  
(b)  In confirmed test, a small material form the positive presumptive 
test is transferred to the second fermentation tube containing 
brilliant green lactose bile as a liquid confirmatory medium; 
contents are incubated for 48 hours at 37oC. Absence of gas mean 
test is negative and water is safe. Evolution of gas means 
completed test is essential. 
(c) The completed test is performed to show whether or not the gas 
forming organisms are Gram-negative , non-spore-forming bacilli  
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2.4 Drinking Water Guidelines (15):-  
       In view of the direct consumption of water by human beings, the 
domestic water supply is considered to be most critical use of water. 
The World Health Organization (WHO) has laid down drinking water 
guidelines which are considered international guidelines. Some 
important drinking water guidelines are given see annex (4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
- 17 - 
2.5 Water processing (2), (3), (9), and (11):- 
     Water supplies normally require the most extensive treatment facilities 
with greatest operational flexibility to handle the day- to -day variations 
in raw water quality. 
  Treatments appropriate to the removal of the various forms of impurity 
are similarly classified under the broad headings of physical, chemical 
and biological process. 
2.5.1 Physical Processes:- 
   Physical processes are generally simplest forms of treatment and 
comprise, principally, screening, sedimentation and filtration. Other 
physical processes such as flotation, gas transfer and adsorption are also 
important in particular cases. 
(i) Screening:- 
     Screening devices in treatment plants are classified as preliminary 
treatment. In water supply systems screens are usually located at intakes 
Form Rivers, lakes or open storage reservoir, where they serve to prevent 
the entry of logs and sticks or even fish and animals. 
   Screen may be classified variously according to their clear opening size 
as coarse, medium, or fine, their configuration as racks, bar screens and 
mesh screens. The method used to clean the entrapped material from the 
screen surface as manually, mechanically racked or water - jet cleaned, 
and also according to whether the screen surface is fixed or moving. 
(ii) Sedimentation:- 
   Sedimentation is the unit process in which suspended materials are 
removed from the liquid phase by gravity settling. 
   Common applications of sedimentation in water treatment include:- 
(1) Pretreatment of surface water prior to conventional 
water treatment. 
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(2) Settling of coagulated and flocculated water prior to 
filtration. 
(3) Settling of coagulated flocculated waters in chemical 
water softening. 
(4) Settling of waters treated for iron and manganese 
removal. 
  The common criteria for sizing settling basin are detention time; over 
flow rate; weir loading. And with rectangular tanks, horizontal velocity, 
detention time expressed in hours, is calculated by dividing the basin 
volume by average daily flow 
                                           t = (v x 24)/Q 
            Where:  
                      t =detention time (hours) 
                      v = basin volume (cubic meters) 
                      Q = average daily flow (cubic meters per day) 
The over flow rate (surface loading) is equal to the average daily flow 
divided by total surface area of the settling basin  
                                                   Vo =Q/A  
                                 Where:  
                    Vo = over flow rate (cubic meters per square meter per day) 
                     A = total surface area of basin (square meters)  
    Weir loading is computed by dividing the average daily quantity of 
flow by the total effluent weir length and expressing the results in (cubic 
meters per meter per day). 
    Sedimentation basins either circular or rectangular are designed for 
slow uniform water movement with a minimum of short - circuiting. 
     Pre sedimentation basins may be installed to settle out heavy solids 
from muddy river water prior to chemical flocculation and sedimentation.                
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Generally, circular sedimentation tanks with hopper bottoms and scraper 
arms for heavy sludge are used. 
Flocculators – Clarifiers: 
     Flocculators – clarifiers, referred to as solids contact units or up flow 
tanks, combine the processes of mixing, flocculation and sedimentation in 
single compartmental tank see fig(2-1),(2-2 ). 
   The major advantages promoting their use are reduced space 
requirements and less costly installation .However, the unitized nature of 
construction generally results in a sacrifice of operating flexibility. 
(iii) Filtration : 
     Filtration is used in both water treatment and waste water treatment 
as separation process which removes fine inorganic and organic 
particles from the water. The granular – media gravity filter is the 
most common type used in water treatment. 
  The filter bed is placed in a concrete box with a depth of about 9 ft.       
    The granular media, about 2 fit deep are supported by a graded gravel 
layer over under drains. During filtration, water passes downward 
through the filter bed by a combination of water pressure from above and 
suction from the bottom. 
    Filters are cleaned by backwashing ( reversing the flow ) upward 
through the bed .Wash troughs suspended above the filter surface collect 
the backwash water and carry it out of the filter box . 
    Gravity filter do not function properly unless the applied water has 
been chemically treated and if necessary, settled to remove the larger floc. 
    Optimum filtration occurs when nonsettable coagulated flocs are held 
in the pores of the bed and produce "in- depth" filtration. 
    The ideal filter media posses the following characteristics: course 
enough for large pore openings to retain large quantities of floc yet 
sufficiently fine to prevent passage of suspended solid, adequate depth to 
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allow relatively long runs and graded to permit effective cleaning during 
backwash. 
Classification of filters: 
Filters may be divided into two main classes:  
(a) Gravity filters  
• Slow sand filters. 
• Rapid sand filters. 
(b) Pressure filters : 
    The difference in the tow above types of filters lies in the head required 
for filtration of water and the rate of water filtered through the filter. 
(iv) Aeration : 
       Aeration is used in water supply systems to reduce the 
concentration of volatile taste and odor causing substances such as 
hydrogen sulphide, for the removal of carbon dioxide from ground 
water and for oxidation of ions such as iron and manganese. 
Methods of aeration: 
      Water can be aerated by the following methods: 
• Exposing it to the atmosphere as an open aqueducts and 
reservoir. 
• Flowing over cascades, weirs, steps, rough etc. 
• Flowing through trickling device such as coke beds and 
perforated trays. 
• Spraying it through nozzles. 
• Diffusing air through it. 
• Aspiring air through the water. 
• Mixing air and water under pressure to increase the solubility 
of the air. 
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   The four methods involve the exposure of water to air and are most 
commonly used. 
2.5.2 Chemical processes: 
(i) Coagulation and Flocculation (11): 
    Surface water generally contain suspended and colloidal solids from 
land erosion , decaying vegetation , microorganisms and color – 
producing compounds .Coarser materials , such as sand and silt , can be 
eliminated a considerable extent by plain sedimentation , but finer 
particles must be chemically coagulated to produce larger floc that is 
removable in subsequent settling and filtration . 
Coagulation followed by filtration, is by far the most widely used process 
to remove the substances producing turbidity in water which consist 
largely of clay minerals and microscopic organisms and occur in widely 
varying sizes, ranging from those large enough to settle readily to those 
small enough to remain suspended for very long time .the importance of 
size is illustrated in table (2-2)  
Table (2-2): Effect of decreasing size of spheres :( 1) 
Dim .of particle ,mm Order of size  Total surface area Time required to settle 
10 
1  
0.1 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
Gravel 
Coarse sand 
Fine sand 
Silt 
Bacteria 
Colloidal particles  
Colloidal particles 
Colloidal particles 
0.487 sq in 
4.87 sq in 
48.7 sq in  
3.38 sq ft  
33.8 sq ft 
3.8 sq  yd 
0.7 acre 
7.0 acres  
0.3 sec 
3.0 sec 
38 sec 
33 min 
55 hr 
230 days 
6.3 yr 
63 yr minimum 
*Calculation of time based on sphere with specific gravity 2.65 to settle 1 
ft. 
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(i.i) Coagulation process: 
     Colloidal particles, as a result of their small size, have a very large 
ratio of surface area to volume. As a result of this immense area, surface 
chemical phenomena are very important .Most colloidal particles in water 
are negatively charge. The stationary charged layer on the surface is 
surrounded by a bound layer of water in which ions of opposite charge 
drawn from the bulk solution produce a rapid drop in potential, this drop 
within the bound – water layer is called Stern potential. A more gradual 
drop, called Zeta potential, occurs between the shear surface of the bound 
water layer and the point of electro neutrality in the solution .The surface 
charge on colloidal particles is the major contributor to their long – term 
stability.       
    Coagulation is a chemical technique directed toward destabilization of 
colloidal particles, it is generally involves the addition of chemicals – 
either hydrolyzing electrolytes or organic polymers. The action of 
metallic coagulants is complex, involving the dissolution of the salt 
(which reduce the zeta potential by altering the ionic concentration in the 
bound layer), the formation of complex hydroxides of the metal which 
may be highly charged, and the entrapment of individual particles in the 
chemical precipitate formed. The process are very complex but may be 
described as follows  
Dissolution (11):  
                    AL2(SO4)3              2AL(H2O)6+3 + 3SO4-2 
 
 Hydrolysis: 
                     AL (H2O)6+3 +H2O            AL (H2O)5OH+2 +H+ 
                     AL(H2O)5OH+2 + H2O              AL (H2O)4OH2+1 +H+     
                     AL(H2O)4(OH)2+1 + H2O              AL (H2O)3OH3 +H+     
                     AL(H2O)3(OH) 3+ H2O            AL (H2O)4OH2+1 +H+  
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Polymerization: 
The products of the hydrolysis combine to form a variety of molecules 
including: 
                      Al6(OH)15+3 
                      Al7(OH)17+4 
                      Al8(OH)20+4 
                      Al13(OH)34+5 
Hydrolysis iron salts is somewhat different than that of aluminum, but 
results in the formation of similar polymeric species. The net effect of 
addition of a metallic coagulant is seen to be the formation of large, 
insoluble, positively charged particles and production of free hydrogen 
ion from the water involved in the hydrolysis .This complex process is 
frequently represented by the simplified equation  
                 AL2(SO4) + 6H2O             2AL(OH)3 +3H2SO4  
The polymeric species formed and the effectiveness of coagulation 
depend on both PH and the concentration  of coagulant applied .for any 
water , there is an optimum PH range and optimum coagulant 
concentration . The practical control of coagulation is dependent on 
analyses of jar tests see plate (1). The optimum chemical dosage produces 
a maximum mean particle size, a minimum count of small particles and 
minimum turbidity prior to settling. Dosages which are substantially too 
high or too low will be ineffective and may, in fact, produce colloidal 
suspensions of the coagulant itself. 
The chemicals commonly used in coagulation include alum (aluminum 
sulphate) , ferric chloride , ferric sulphate , sodium aluminates , poly 
aluminum chloride ,ferrous sulphate and lime and chlorinated copperas .                         
The choice is dictated by relative cost and effectiveness in particular 
water.  
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   Removal of specific contaminants in coagulation process may be 
affected by such factors as temperature, PH, alkalinity and the choice of 
coagulant. Reduction of suspended solids and turbidity is adversely 
affected by low temperature; however removal of total organic carbon 
(TOC), which includes some of the precursors of Trihalomethane, is not. 
Trihalomethane (THM) formation itself is less at low temperature (11), but 
the reduction in formation is not a result of improved removal of the 
precursors in coagulation but rather of a reduction in the rate of THM 
formation in disinfection processes. 
  Removal of Giardia in coagulation is closely associated with removal of 
turbidity. Reported removal in coagulation and sedimentation ranges 
from 65 over 90 percent and is approximately equal to the reduction in 
turbidity. Virus removal, on the other hand, is not clearly associated with 
turbidity .Removals of hepatitis A virus and rotavirus in coagulation and 
sedimentation are typically in excess of 90 percent.  
  Most of the metallic coagulants react with water to produce free 
hydrogen ions. Since nearly all natural water contain alkalinity , the 
hydrogen ions released will react with this , reducing the variation in PH 
.If a water contains insufficient alkalinity , the addition of a metallic 
coagulant may depress the PH below the range in which the particular salt 
is effective . In such circumstances, an alkaline salt must be added to 
increase the buffer capacity of the solution. The adequacy of the 
alkalinity can be estimated by the following simplified equation, which 
represents the approximate overall reactions. 
Aluminum sulphate (alum): 
AL2(SO)4.18H2O + 3Ca(HCO3)        2H(OH)3 +3CaSO4 + 18H2O + 6CO2 
          The optimum PH range for each of the metallic coagulants is 
tabulated in table (2-3). 
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Table (2-3): 
Coagulant                                       PH 
Alum                                                 4.0 to 7.0 
Ferrous sulphate                                 8.5 and above 
Chlorinated copperas                          3.5 to 6.5 and above8.5 
Ferric chloride                                     3.5 to 6.5 and above 8.5 
Ferric sulphate                                     3.5 to 7.0 and above 9.0 
 
Polymeric coagulants or polyelectrolyte are long–chain, high – molecular 
weight molecules which bear a large number of charged groups. The net 
charge on the molecule may be positive, negative or neutral. 
   The chemical groups on the polymer are thought to combine with active 
sides on the colloids. Such interaction of a single molecule with large 
number of particles produces a bridging effect, combining them into a 
larger particle which may settle under the action of gravity. Both 
molecular weight of polymer and the charge density influence the 
effectiveness of polyelectrolyte ; however , recent research indicates that 
charge density is the most important single factor .(11)  
   Polyelectrolytes are excellent coagulants which may be used alone or in 
conjunction with metallic coagulants .The selection of an appropriate 
coagulant requires determination of necessary dosage through jar tests 
and comparison of all relevant costs – including subsequent management 
of sludge produces. 
Coagulant aids properly speaking, do not aid in coagulation, but rather in 
subsequent flocculation of the destabilized particles. Agents include 
oxidizers such chlorine and weighting agents such as clay activated silica. 
(i.ii) Flocculation process:-  
Flocculation is a slow mixing process in which particles are brought into 
contact in order to promote their agglomeration .The rate of 
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agglomeration or flocculation depends on the number of the particles 
present, the relative volume which they occupy and the velocity gradient 
G in the basin. The mean velocity gradient is a measure of power input in 
mixing process and is equal  
                                 G = (p/µv)1/2 
            Where: p = power dissipated  
                          µ = absolute viscosity    
                           v = volume to which the power is applied  
   Older treatment plants may contain separate flocculation basins, but 
newer plants are more likely to incorporate dispersion of the coagulant 
(flash mixing), flocculation and sedimentation in single unit called a 
contact clarifier. Contact clarifiers may be rectangular or circular in plan 
.Typical systems are illustrated in fig (2-1), (2-2). The water enters in the 
center, where the chemical addition and rapid mixing occurs, and then 
flows upward through the bulk of the basin which serves as a 
sedimentation tank. As the water moves upward, its velocity will decrease 
since the flow area increases. Particles borne by the water will be carried 
upward until they reach the point at which their settling velocity is equal 
to the upward velocity of the fluid. As the number of particles so 
suspended increases, a sludge blanket will be formed which will act in a 
sense as filter – straining out or providing additional opportunities for 
flocculation of particles which might otherwise be carried out by their 
upward velocity . As the particle density in the sludge blanket increases, 
the water velocity through the blanket will increase, resulting in upward 
movement of the suspended mass to new equilibrium point .Large 
particles which are formed either in flocculation or in the sludge blanket 
may fall to the bottom of the basin. The sludge blanket itself will continue 
to rise and, in time, would be carried over the effluent weirs if a portion 
of the accumulated mass were not wasted periodically to maintain   
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 a reasonable elevation . Sludge wasting form the blanket may be done 
automatically on a timed basis or, more commonly, by observation of 
elevation of its upper surface.  
Factors affecting coagulation and flocculation process:- 
a. Coagulant type and dose: Although alum is the most commonly used 
coagulant type in water treatment, chemical and physical composition of 
particular water may dictate a certain type of coagulant. The optimum 
coagulant dose is also a function of chemical and physical composition of 
water. Excess coagulant will increase treatment costs without improving 
suspended solids removal. Also, overdosing may cause destabilization of 
destabilized particles. 
b. Mixing speed: Higher mixing speed rate promotes more frequent 
contact between suspended solid particles, which is necessary during 
coagulation. However higher mixing rates during flocculation will inhibit 
the formation of larger, faster - settling, floc particles and it may break 
already formed flocs. 
c. Time: Longer times will allow more contact between particles and 
therefore promote the formation of larger flocs. 
d. Settling time: Longer settling time will allow the smaller, more slowly 
settling flocs to be removed. 
e. Temperature: According to the stoke´s low, discrete settling in laminar 
region is inversely proportional to viscosity. Viscosity is lower at higher 
temperatures meaning that flocs settling velocity decreases at lower 
temperatures. 
f. PH: Solution PH determines the concentration of metallic hydroxide 
complexes produced, which strongly influences the adsorption properties 
of coagulation. 
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(i.iii) Chemical feeding methods (11):- 
  Chemical feeding includes handling, storage, measurement and 
proportioning and conveying of the proper amounts to the proper point of 
application. The method and equipment used depend to some extent on 
the size of the plant.  
Metallic salts which are fed in relatively large amounts (such as alum and 
lime) are most economically purchased as dry chemicals see plate (7). 
Dry metallic salts are proportioned and fed by a variety of commercially 
available gravimetric and volumetric feeders. The dry chemical is fed to a 
solution tank (a slaking tank in the case of quick lime) see plate (8), from 
which it flows or pumped to the point of application. 
 Dry polymers must be wetted and dispersed in water to form a solution 
which is often aged briefly before being further diluted and fed to the 
treatment process. 
Liquid polymer is readily dispersed in water and solutions are then fed in 
same way as dry polymer. 
    The coagulants must be thoroughly dispersed in the water to be treated. 
This rapid mixing step is a critical part of all coagulation and flocculation 
processes and requires a high degree of turbulence and power dissipation. 
Rapid mixing may be provided by static mixers (paddle, turbine or 
propeller) which may be installed either in – line or in a separate small 
basin. Power required is 2 to 5 kw /(m3.min) .The mean velocity gradient 
G in rapid mixers is on the order of 500 s-1 and the optimum product of 
gradient and detention time ,GT, is reportedly on the order of 2 ×105 . 
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(ii) Disinfection (3): 
The treatment of water with chemicals to kill bacteria is called 
disinfection. 
(ii.i) Requirements of disinfectants: 
• They should be able to destroy all the harmful pathogenic bacteria 
and make water perfectly safe to use. 
• They should be economical and easily available. 
• They should be able to kill all pathogenic germs within required 
time at normal temperature. 
• After their treatment the water should not become objectionable 
and toxic to consumer.  
• The disinfectant dose should be such that, it may leave some 
residual concentration for protection against contamination in the 
water. 
(ii.ii) Methods of disinfection: 
The methods employed to disinfect water depend upon the 
disinfecting materials used for the purpose. The disinfection of water 
can be done by the various methods such as: 
a) By heating or boiling of water : 
b) By light  
c) By chemical disinfectants.  
(iii) Chlorination:- 
     Chlorine is used in water and waste water treatment for disinfection to 
destroy pathogens and control nuisance microorganisms and for 
oxidation.  
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(iii.i) Action of chlorine: 
The commercial product of chlorine is about 99.99 %, pure chlorine gas 
is soluble in water and forms a solution containing a decreasing 
percentage of chlorine as temperature rises. Chlorine reacts with water to 
produce hydrochlorous acid (HOCL) and hypochlorite ion (OCL¯), which 
are together known as free available chlorine. The chemical action may 
be given as: 
          CL2 + H2O = HOCl +HCl 
                    HOCl = H+ + OCl¯  
     In case ammonia is present in water, other formed compounds may be 
monochloramine (NH2Cl) and dichloramine (NHCl2), which together are 
known as combined chlorine. 
Second theory about the destruction of bacteria to liberation of nascent 
(newly born) oxygen (HOCl = HCl +O=) which oxidizes the germs. 
(iii.ii) Application of chlorine: 
May be applied by the following methods: 
1) Dry chlorine gas  
2) Chlorine solution  
3) Powder form. 
(iii.iii) Special method of chlorination: 
  Chlorine is generally applied after all other treatments have been given 
to the water supply. The special methods of chlorination may be as 
follows: 
1. post – chlorination : When chlorine is added in the water after all 
treatments it is generally done after filtration  
2. Plain chlorination: When only chlorine treatment is given to raw 
water. 
3. Prechlorination: It is the application of chlorine before filtration. 
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4. Super – chlorination: It is the application of excessive a mount of 
chlorine to water, is practiced only during the epidemic of water 
borne diseases. 
5. Double – chlorination: It is application of chlorine at two points in 
the treatment process. 
6. Break point chlorination: This term gives an idea of the extent of 
chlorine added to water. It represents a dose of chlorination beyond 
which any further addition of chlorine will appear as free residual 
chlorine. 
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2.6 Chemicals utilized for turbid Nile water:  
2.6.1 Preliminary tests for the poly aluminum chloride (PAC) (20):  
  The tests have been carried out for polymer (poly DADMAC) with alum 
and poly aluminum chloride (PAC) by using a pilot plant at Mogren 
water plant and the central lab for the period (from 15/8/2001 to 
15/9/2001). 
The operation rate of pilot plant was 7 hours per day, Turbidity range 
(1250 – 3500) NTU. 
The objectives of tests were: 
• The effectiveness of the coagulants. 
• The consumed amounts of the coagulants per day and year at Al-
Mogren plant. 
• Economical comparison between the used coagulants.    
The results: 
The alum dose ranges (20-30 p.p.m). 
The polymer doses range (2.0-2.5 p.p.m). 
The PAC doses range (7-15p.p.m). 
By using the max doses for the flood season and  
Q = 76,800 m3/day (at Mogran w/ws).  
Table (2.6.1): The consumption of polymer and alum during the flood 
season (July- October): 
 Dose(p.p.m) Daily consumption(ton) Total amount(ton) 
Alum  30 2.304 276.5 
Polymer  2.5 0.192 23.04 
PAC 15 1.152 138 
   
Total amount of alum and polymer = 276.5+23.04 = 299.54 ton. 
Total amount of PAC = 138 ton. 
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The total amount of PAC is less than the total amount of alum and 
polymer by 54% which mean decreasing in operation, labor and handling 
costs, so decreasing the total production cost.   
The cost of polymer and alum: 
The price of one ton of alum = 118.5 $. 
The price of one ton of polymer = 2000 $. 
The total cost of alum = 32,765.25 $. 
The total cost of polymer = 46,080 $. 
The total cost of alum and polymer = 78,845.25 $. 
The total cost of PAC: 
The price of one ton of PAC =500 $. 
The annual cost of PAC = 69,000 $. 
By comparing the total costs; the total cost of PAC less than the total cost 
of polymer and alum by 12.5 %. 
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2.6.2 Water treatment using selected local coagulants (6): 
Natural coagulants used in a full scale treatment plant using jar test 
results. Number of samples were tested and compared in performance 
with alum in low, medium and high turbidity of Blue Nile water and 
White Nile water. 
The natural coagulants utilized include: 
a) Moringa oleifera seeds and shields. 
b) Acacia nilotica, shields. 
c) Local alum (alrauwag). 
d) Mareau pseudopetalosa. 
e) Azadirachta indica leaves (alniem). 
f) Clay (rauwag alti). 
The performance of kuradala roots and alrauwag is outstanding and is 
competing very well with the conventional aluminum sulphate, whether 
in low or high turbidity water. Kuradala proved to be the best coagulant 
in treating the stubborn turbidity of White Nile water. Natural coagulants 
such as Moringa oleifera, Azadirachta indica, acacia nilotica and rauwag 
alti are not competent enough in reducing the high turbidity. 
Nevertheless, the coagulants are varying in their ability to remove 
colloidal suspension from highly turbid raw water.     
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CHAPTER THREE  
Materials & methods  
     The study focused on the Blue Nile water quality for it represents the 
major source of drinking water in Khartoum state. From the six existing 
water plants, four of them use Blue Nile all over the year and one of the 
other two uses Blue Nile during the flood seasons. Also the new water 
plant at Soba uses Blue Nile water. 
3.1 Data Collection:- 
The data used in this study obtained from previous daily records from the 
central lab at Mogran w/ws for the last ten years from 1994 to 2003 
showing the daily measurements of:  
• The raw water turbidity, total suspended solid, PH & 
alkalinity.  
• The chemical doses used (Alum, Lime, Polymer and PAC). 
3.2 Mogran w/ws (19):  
   The plant was constructed during the years (1964 -1974) with four 
stages; the design capacity was 72000m3/day. In addition to Khartoum 
town the plant fed Omdurman town by a pipeline crossing the Whit Nile. 
In 1990 the plant was expanded by addition of 18,000 m3/day, so the final 
capacity was 90, 000 m3/day. In 2003 the plant capacity decreased to 
76,800m3/day.  
     Mogran w/ws utilized Blue Nile water during the flood season from 
first of July to end of September or the beginning of October and then 
uses White Nile for the rest of the year .Although the intake of Mogran 
w/ws is withdrawing from the Blue Nile, after flood season (October to 
June) backwater curve from White Nile influence raw water quality 
which is supplied to Mogran w/ws by the intake. 
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3.3 Blue Nile (Basin) (5), (13): 
     The Blue Nile River see fig (3-1), a major tributary of the Nile, 
originates in Lake Tana and flows through deeply eroded canyons in a 
circuitous route through the high Ethiopian plateau. As it approaches the 
Ethiopia – Sudan boarder, the mountainous plateau is left behind and the 
river, now of great magnitude flows North West ward across the gently 
rolling plains to its confluence with the White Nile at Mogran at 
Khartoum .The flow of the Blue Nile contributes about 55,000,000 cubic 
meters annually and constitutes the major portion of the Nile. Total area 
of the basin is 234,410km2    and the total length of the river from Tana to 
Khartoum is more than 1600km. 
    Its major tributary streams also originate on the high plateau and after 
flowing through broad valleys for a few miles plunge into the deeply 
eroded canyons to join the main stream. The plateau area is generally 
quite heavily populated and cultivated agriculture and live sock 
production are extensive. Farming operations provide subsistence for the 
rural population.  
3.3.1 Geology of the basin:  
     The largest portion of the Blue river drainage system in Ethiopia lies 
entirely on or within the high Ethiopian plateau. The eroded plateau has 
an average elevation of 2400 meters above sea level .The Blue Nile gorge 
was cut by unceasing forces of erosion and transportation of rock and soil 
by the Blue Nile River.  
      The Blue Nile drainage system starts with upstream tributaries such as 
the Gilgel abbay, Ribb, Gumara and others, flowing into the 3,000 square 
kilometers Lake Tana a large, relatively shallow, flat- bottomed body of 
water with a surface elevation of about 1786 meters above sea level. 
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     The Blue Nile River crosses the Ethiopia- Sudan border at an 
approximate elevation of 490 meters approximately 900 river kilometers 
below its out let from Lake Tana.  
      The Blue Nile River passes through tow short stretches of 
sedimentary rock between the Guder and Finchaa rivers. The wedge of 
sedimentary rocks , although over 2,000 meters in thickness where it is 
exposed in the steep  canyon walls , actually covers but a relatively small 
surface area of the Blue Nile river basin in comparison with the area 
covered by volcanic and basement Pre Cambrian rocks . The outcrop area 
of the wedge in the bottom of the canyon extends generally from the 
mouth of the Bashilo River to the mouth of the Guder River, where the 
Blue Nile becomes entrenched in basement rocks. However, the 
sedimentary rocks continue to form the sides of the canyon for 
considerable distance to the west where precipitous cliffs of sand stone 
rise higher and spread farther a part until the sedimentary rocks disappear 
as a result of erosion. 
3.3.2 Climate:  
      The climate of the Blue Nile basin particularly on the plateau, is 
generally considered to be temperate despite its tropical location, because 
of its altitude however there is considerable seasonal variation in climatic 
conditions. The major variation is from drought in the dry season 
(October though may) to the very heavy rainfall during the rainy season 
(June through September). During the rainy season the storms are of the 
intense but scattered thunderstorm type and short duration.  
     Approximately 80 percent of the annual precipitation occurs from June 
through September, during the remainder of the year it fails to meat the 
full consumptive use demand of plants. 
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3.3.3 Soil: 
            The soils in the Blue Nile basin are generally either latosole or 
grumusols. These soils have vastly different physical characters. The 
latosole are the best soils for irrigation, but they generally occur on steep 
rolling topography which is difficult to develop for irrigation. The 
grumsols are les suited for irrigation from a soils standpoint, but usually 
occur on smooth topography which is fairly easy to develop for irrigation. 
The latosole soils are generally clay textured, but have permeability and 
excellent drainage characteristics; they are suitable for an unusually wide 
range of corps.        
3.3.4 Human activities: 
      Agriculture is the foundation of the present economy at the Blue Nile 
basin, it is estimated that at least 90 percent of the basin's population are 
supported directly by basic agriculture, dry farming and animal 
husbandry. 
        Through the basin the forest are being cut back for agricultural 
expansion. At one time, forest covered approximately 37 percent or in 
excess of 40, 000,000 hectares at Ethiopia, about 32 percent of the 
original forest area has been destroyed, and it is now estimated that less 
than 4 to 5 million hectares remain forest. 
3.3.5 Water erosion: 
         Water erosion is one of the most significant agricultural problems 
throughout the world. This erosion occurs due to the energy rain drop as 
it falls toward the earth and flows over the surface. The main factors 
affecting water erosion are precipitation and surface runoff. 
   Rain drops, the most common form of precipitation can be very 
destructive when they strike bare soil. Over land flow or surface runoff 
then carries away the detached soil and may detach additional soil and 
then sediments can be deposits elsewhere. 
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3.3.6 Extraction of Blue Nile water for domestic uses:- 
   As Blue Nile flows through Sudan, almost all main towns upstream of 
Mogran at Khartoum are extracting water for domestic requirements from 
Blue Nile (e.g. Wadmedani, Sennar, Damazine etc). 
  Blue Nile water is very turbid in quality due to erosion phenomena in 
the basin land due to extensive development in irrigation upstream the 
river basin.  
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3.4 Laboratory experiments: 
   Experimental work was conducted at Mogran water plant (central 
laboratory), sanitary engineering laboratory at Khartoum University and 
Geological and Mineral Resources Department laboratory using different 
coagulants and coagulant aids .The tests include jar test and turbidity, 
alkalinity, PH and residual aluminum measurements 
           Jar tests see plate (1), (2), (3), are widely used for control of plant 
operations and are routinely performed by treatment operators. The 
coagulation and flocculation tests serve to indicate the optimum chemical 
dosages for removal of turbidity and color. Jar tests furthermore, yield a 
wealth of qualitative information on the rate of agglomeration as a 
function of energy input (paddle speed), the settle ability of the floc 
formed, and the clarity of supernatant. 
3.4.1 Samples of the raw water:  
    The samples were obtained from the Blue Nile from the intake of  
Mogran plant and from the river near the bank during the September 2003 
.The synthetic raw  samples were prepared by mixing a raw water by  a 
clay from the river bank to raise its turbidity , so as to be tested by 
polymer and PAC . 
3.4.2 Coagulants used for the tests: 
  1. Aluminum sulphate: 
         Aluminum sulphate AL2(SO4) . 18H2O as a commercial product is 
commonly known as alum. It contains a slight excess of alumina and less 
water of crystallization than indicated by the chemical formula. Filter 
alum contain 17 percent water soluble AL2O3 (the theoretical content of 
reagents AL2(SO4) . 18H2O is 15.3 percent ) and about 14 moles of water 
crystallization . It's available in lump ground or powdered form.  
Chemical composition of alum used: 
      - Aluminum oxide AL2O3                                                Min 16 %    
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      - Water insoluble Matter (insoluble residue)                   Max 1.0 % 
      - Fe (iron)                                                                      Max 0.1 % 
      - Heavy metals                                                        Max. Nil or Traces 
the max dose : 150p.p.m. 
2. Poly DADMAC (17), (21):  
         Poly DADMAC is one of several synthetic cationic organic poly 
electrolytes used for water treatment. 
Chemical name and structure: 
         Poly dially dim ethyl ammonium chloride 
                               
                               C H2                 H2C  
            
                                      CH           CH 
 
                             H2C                        CH2 
                                             N+ 
                             H3C                       CH3  
 
Composition: 
       It is a linear homo polymer formed from a monomer that has a 
quaternary ammonium and two unsaturated – CH = CH2 functionalities.  
     The monomer itself is formed by reacting two equivalents of ally 
chloride with dim ethyl amine .Free- radical polymerization of the 
DADMAC monomers yields a structure in which the quaternary 
ammonium groups are on rings that are included in the backbone of the 
polymer chain. This composition means that the poly - DADMAC 
macromolecules tend to be quite stiff, having a longer persistence length 
than, for instance, poly amines. For this reason, poly – DADMAC is 
expected to have a more extended conformation in solution. The 
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molecular weight of DADMAC is typically in the range of hundreds of 
thousands of grams per mole, and even up to a million for some products. 
DADMAC is usually delivered as a liquid concentrate having a solids 
level in the range of 10 to 50 %.  
Properties: 
     Appearance: clear colorless to pale yellow liquid  
     Active poly DADMAC              Min 25 % 
     PH                                            Min 2.0 
     Residual monomer                     Max 5 % on an active polymer  
The max dose: 10 p.p.m (NSF standard). 
2. Poly Aluminum Chloride ( PAC ): 
   Coagulant solution used in both municipal and waste water 
treatment. It is exceptionally pure, consistent and stable. Particularly 
low in sulphate, iron and other trace metal impurities. 
Specification: 
Aluminum                                                      12.1 – 12.7 % 
AL2O3                                                            23.0 – 24.0 % 
Chloride                                                         7.9 – 8.4 %  
AL: CL molar ratio                                          1.90: 1 – 2.1: 1 
PH (15 % aqueous)                                         4.0 – 4.4  
Specific Gravity @ 15 C O                                  1.33 – 1.35  
Odor                                                                 Characteristic  
Appearance                                                        Clear, color less liquid  
Basicity %                                                           82 – 85  
Max dose: 250p.p.m (NSF)  
3.4.3 Test procedure (12):  
      The jar test was conducted on turbid surface water from the Blue 
Nile see plate (1) and a synthetically prepared clay water to estimate 
the optimum coagulants dose. 
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• Measured the PH, alkalinity and turbidity of the raw water. 
• Measured 1 – liter quantities of the sample water to be tested 
into a series of glass jars (beakers), and then attached to a 
stirring device see plate (1). 
• The progressive volumes of the chemical solution were added to 
each glass to cover the range of chemical dosage expected. 
• The chemical mixed rapidly (flash mix 120 rpm) for one minute 
for complete dispersion, then followed by a period of gentle 
stirring (gentle mix 20 rpm) for 15 minutes of flocculation see 
plate (2). The character of the flocs and its settling rate were 
observed.  
• After flocculation the mixer turned off and the paddles were 
lifted see plate (3). 
• The glasses (beakers) were allowed for (45 – 60) minutes of 
quiescent settling see plate (3). 
• With a 50 ml pipette approximately 200 ml of supernatant 
removed from the top of each glass (beaker) without disturbing 
the settled flocs. 
• PH, turbidity & alkalinity of the supernant from each glass 
(beaker) were measured. 
• The optimum doses were obtained. 
3.4.4 Turbidity measurement:  
   Turbidity was measured by using a pre calibrated commercial 
turbidimeter (nephelometer) see plate (6). Units of turbidity using a 
nephelometer are expressed as Nephelometric Turbidity Units (NTU). 
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3.4.5 PH measurement: 
   Hydrogen ion concentration was measured by a meter that read 
directly in PH units with PH electrode and a built – in temperature 
sensor. 
3.4.6 Alkalinity measurement (12):   
     A titration method was used see plate (5): 
• 100 ml of sample was pipette into Erlenmeyer flask, and the 
same quantity of distilled water into another. 
• 3 drops of Methyl orange indicator were added to each flask. 
• When the sample became yellow (Methyl orange is yellow in 
alkaline solution), 0.02 N sulphuric acids was added until the 
first difference in color was noted when compared with the 
distilled water. The end point was orange. alkalinity = ml of the 
acid × 10. 
3.4.7 Residual Alum measurement (12): 
       The method used was the colorimetric method. The test make use 
of the formation of a colored compound by the reaction of aluminum 
with dye, this color is compared with that of a standard alum solution 
treated in the same manner. 
   P.p.m. alum as AL2O3 = (Ml .standard alum × 10) / (Ml .of sample). 
 
 
 
 
 
 
 
 
 
   
- 46 - 
3.5 Health effect of Turbidity (10):  
       Particles in drinking water are aesthetically objectionable, and can 
serve as shields for pathogenic microorganisms. Moreover, many toxic 
chemicals such as pesticides and heavy metals are selectively absorbed on 
suspended particulate matter. The efficiency of disinfection is drastically 
reduced in the presence of turbidity; the disinfectant is un able to reach 
the target organism because of physical barrier, or chemical reactions 
with turbidity particles may occur, thus decreasing the available 
disinfectant concentration. Consumption of turbid water may thus be a 
dangerous health risk. Where disinfection is practiced, the turbidity 
should preferably be less than 1 Nephelometric Turbidity Unit (NTU).   
3.6 The health risks associated with aluminum (17):  
       Although most of our daily aluminum intake comes from food, 
aluminum in food appears to be bound to other food substances and thus 
in a form that cannot be absorbed into the bloodstream. In fact, it seems 
that the body's main defense against aluminum in food is that it does not 
allow aluminum to pass through the intestinal wall  
    In contrast, resent research has shown that aluminum from drinking 
water can be absorbed to some extent in both animals and humans. This 
because the aluminum in water following treatment processes seems to be 
a largely "free" (i.e. unbound) form. One reason for this is that the 
presence of food in the stomach reduces the absorption .Absorption then 
is greatest when water is drunk on an empty stomach. 
      Aluminum has historically been considered to be relatively non – 
toxic in healthy individuals, who can tolerate oral daily doses of as much 
as 7.2 grams of aluminum without any apparent harmful effects. 
However, there is now abundant evidence that aluminum may cause 
adverse effects on nervous system.  
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     Kidney disease patients, who are exposed to high level of aluminum in 
dialysis fluids and medications, develop dialysis encephalopathy, a 
progressive form of dementia characterized by speech and behavioral 
changes, tremors, convulsions, and psychosis. 
     Most of experts agree that high levels of aluminum in dialysis fluids 
and medications are responsible for the dementia, and controlling these 
levels of aluminum significantly reduces the incidence of this disease.    
      Aluminum also has been associated with sever disease of the nervous 
system , such as Parkinson's disease , amyotrophic lateral sclerosis and 
Alzheimer's disease , but the association is not completely understood . 
      It has been demonstrated that humans with these disorders tend to 
have high levels of aluminum in some areas of their brains, although it 
has not been demonstrated that the presence of aluminum in the brain 
initiates onset of the disease. 
    Intake of large amount of aluminum can also cause anaemia, 
osteomalacia (brittle or soft bones), glucose intolerance and cardiac arrest 
in humans. 
3.7 Health effect of the poly DADMAC:  
      Expected contaminants in poly DADMAC (18): 
• Ally l Chloride. 
• Ally l Dim ethylamine.  
• Dim ethyl ammonium chloride (monomer) range from<5 to <1 
in the final product. 
• Sodium EDTA (Ethylene diamine tetra acetic acid). 
• Ally alcohol. 
• Sodium chloride (NaCl). 
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Table3.1 Health effects of poly DADMAC and expected contaminants  
Chemical Health effect 
Residual polymer  Irritation probability to gastrointestinal tract ,skin and eyes(20 )  
Monomer  Risk of cancer (19), plus cumulative properties (8)   . 
Ally l chloride Irritation and causes damage to the liver and kidneys (14).  
Ally l alcohol  Injury to the liver gastrointestinal tract (14). 
Trihalomethane  Carcinogenicity (16). 
References: (8),(14),(16)&(20). 
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Plate(1):The turbid sample before the coagulation process. 
 
 
Plate(2):Sample during the flocculation process. 
 
 
Plate(3):Sample during the quiescent settling. 
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Plate(4): Sample after the quiescent settling. 
 
                                                 
                     
                       
 
                                       Plate(5): Titration apparatus used for Alkalinity 
                                                      measurement. 
 
                              
                              Plate(6):Turbidimeter( Nephelometer) used for                     
                                           Measurement of turbidity.                                          
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Plate(7): Alum storage at Al-Mogran water plant. 
 
 
 
Plate(8):Alum & lime dissolving chambers at Al-Mogran water plant. 
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Plate (9): Pumps that deliver Polymer &PAC at Al-Mogran water plant. 
 
 
 
Plate(10): Rapid mixing chamber at Al-Mogran water plant. 
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Plate(11): Working rapid mixing chamber at Al-Mogran water plant. 
 
 
 
Plate(12): Circular clarifier at Al-Mogran water plant. 
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Plate(13): The pilot plant at Al-Mogran water plant. 
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CHAPTER FOUR 
RESLUT & DISSCUSION 
 
 4.1 Analysis of data: 
Data  were obtained from previous records of daily laboratory testing 
from the central laboratory at Mogran water plant for the flood seasons of 
years 1988, 1989& 1990.And from ( 1994 to 2003). See annex (2), (3)  
      The available data see annex (2), daily doses of alum and lime used 
during July and August of the years 1988, 1989 & 1990. 
      Annex (3) were a daily measurements of raw water turbidity , TSS 
,PH &alkalinity and a daily doses of coagulants used during the flood 
season for the last ten years from 1994 to 1998 and from 1999 to 2003 . 
The data were analyzed by: 
First: Obtaining statistical data from the available data. 
• The statistical data obtained from the daily data see annex (2) was 
tabulated in table (4-1) below. 
Table (4-1):  
year Alum doses p.p.m(July) Alum doses p.p.m (august) 
 max min average max min average 
1988 500 110 243 320 105 185.5 
1989 300 40 138.5 320 140 197.7 
1990 620 70 155 580 140 231.6 
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• The statistical data obtained from the daily data see annex (3) was 
tabulated in table (4-2) below. 
Table(4-2): 
year turbidity TSS T.ALK PH 
 max min average max min average average average 
1994 7570 390 2021 - - - 96.6 7.9 
1995 5530 103 1656 - - - 98.0 8.1 
1996 6430 280 2479 - - - 96.0 7.9 
1997 8400 240 1757 - - - 94.0 7.9 
1998 5350 149 1297 - - - 100.9 8.15 
1999 3150 300 1502 13000 730 5145 91.4 8.1 
2000 3400 280 1022 13950 790 4074 99.3 8.05 
2001 3980 391 1581 11000 740 3631 101.0 8.04 
2002 21400 602 5306 25500 706 6107 109.0 8.07 
2003 21125 750 5291 19880 756 6071 106.0 8.0 
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• The statistical data obtained from the daily data see annex (3) was 
tabulated in table (4-3) below. 
Table(4-3): 
year Alum dose p.p.m Polymer dose p.p.m PAC dose p.p.m 
 max min average max min average max min average 
1994 360 40 140 - - - - - - 
1995 240 90 149 - - - - - - 
1996 210 50 117 - - - - - - 
1997 260 30 136 - - - - - - 
1998 200 40 99 - - - - - - 
1999 70 15 26 3.0 1.5 1.6 - - - 
2000 40 15 23 4.5 1.0 2.4 - - - 
2001 310 20 51 3.5 1.0 2.4 - - - 
2002 60 15 27.5 6 1.0 1.9 40 12 21.4 
2003 45 20 31.4 3 1.5 1.96 45 10 26.9 
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Second: Draw graphs displaying the parameters (turbidity, TSS, 
alkalinity, PH and coagulants doses) trends over time of flood seasons. 
 
 
 
  
 Fig (4-1): Alum doses used during the month of July for the year 
1988 ,1989 &1990
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Fig (4-2) : Alum doses used during the month of august for the years 1988,1989 
&1990.                                                                                                  
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Fig ( 4-3 ) :  Turbidity of raw water  during the flood seasons from 1994 to 1998  
Fig ( 4-4 ) :  Turbidity of raw water  during the flood seasons from 1999 to 2003  
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Fig (4 -5 ) : TSS of raw water during the flood seasons from 1999 to 2003  
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Fig (4 -7): Alum& Poly DADMAC doses during the flood seasons from 1999 to 
2003 
0
50
100
150
200
250
300
350
1999 2000  2001 2002 2003
0
1
2
3
4
5
6
7
 Alum doses (p.p.m)
Poly DADMAC 
dose (p.p.m)
Po
ly
 
D
A
D
M
A
C
do
se
 (p
.p
.m
)
 
A
lu
m
 d
os
e 
(p
.p
.m
)
Fig( 4-8):PAC doses during the flood seasons from 1999 to2003 
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Fig (4- 9) : Alkalinity of the raw water during the flood seasons from 1994 to 1998  
Fig (4 – 10 ) : Alkalinity of the raw water during the flood seasons from 1999 to 2003
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4.2 Laboratory results: 
4.2.1 Jar test results: 
Laboratory tests were carried out for water with various turbidity ranges 
(1160NTU, 3000NTU & 11960NTU). The chemicals used were alum, 
alum & poly DADMAC and PAC. The results were shown on the 
following tables and figures for each table: 
Table 4.4: Jar test result of raw water using alum: 
Turbidity: 1160 NTU                PH: 8.3                  Alkalinity: 95 mg/l 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
Alum stock solution (g/l) 10 10 10 10 
Alum dose in jar (p.p.m) 50 60 70 80 
Turbidity(NTU) 5.44 3.77 3.41 3.05 
PH 7.5 7.4 7.3 7.2 
Alkalinity (mg/l) 75 70 65 62 
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Fig( 4-14 )   : Alum dose versus turbidity, PH and alkalinity .
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Table 4.5: Jar test result of raw water using polymer with alum: 
Turbidity: 1160 NTU                PH: 8.3                  Alkalinity: 95 mg/l 
 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
Alum stock solution (g/l) 10 10 10 10 
Alum dose in jar (p.p.m) 15 20 25 30 
Polymer stock solution (ml/l) 1.0 1.0 1.0 1.0 
Polymer dose in jar (p.p.m) 2.0 2.0 2.0 2.0 
Turbidity (NTU) 9 6 3.3 2.4 
PH 7.6 7.4 7.3 7.1 
Alkalinity (mg/l) 85 83 80 78 
 
Fig (  4 -15 )   : Alum and polymer dose versus turbidity, PH and alkalinity 
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Table 4.6: Jar test result of raw water using PAC: 
Turbidity: 1160 NTU                PH: 8.3                  Alkalinity: 95 mg/l 
 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
PAC stock solution (ml/l) 10 10 10 10 
PAC dose in jar (p.p.m) 10 15 20 25 
Turbidity(NTU) 6 7 7 6 
PH 8.02 8.02 8.02 8.02 
Alkalinity (mg/l) 83 83 83 83 
 
 
 
 
 
 
  
PAC dose versus turbidity, PH and alkalinity .
0
1
2
3
4
5
6
7
8
9
10 15 20 25
PAC dose (p.p.m)
0
10
20
30
40
50
60
70
80
90
A
lk
al
in
ity
Turbidity (NTU)
PH
Alkalinity (mg/l)
Fig (4 -16):  
PH
 &
 T
ur
bi
di
ty
   
- 67 - 
Table 4.7: Jar test result of raw water using alum with lime: 
Turbidity: 3000 NTU               PH: 8.0                Alkalinity: 85 mg/l  
  
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
Alum stock solution (g/l) 10 10 10 10 
Alum dose in jar (p.p.m) 150 190 210 230 
Lime dose in jar  (p.p.m) 50 63 70 76 
Turbidity (NTU) 5.8 5.0 4.4 3.2 
PH 6.53 6.17 5.85 5.61 
Alkalinity (mg/l) 42 30 20 15 
 
 
 
 
Fig ( 4- 17 )   Alum and lime dose versus turbidity, PH and alkalinity..
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Table 4.8: Jar test result of raw water using polymer with alum: 
Turbidity: 3000 NTU               PH: 8.0                Alkalinity: 85 mg/l 
 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
Alum stock solution (g/l) 10 10 10 10 
Alum dose in jar (p.p.m) 80 80 80 80 
Polymer stock solution (ml/l) 1.0 1.0 1.0 1.0 
Polymer dose in jar (p.p.m) 1.5 2.0 2.5 3.0 
Turbidity (NTU) 15 10 7 6 
PH 7.98 7.95 7.9 7.9 
Alkalinity (mg/l) 70 70 70 70 
 
 
 
 
Fig (4-18): Alum and polymer dose versus turbidity, 
PH and alkalinity. 
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Table 4.9: Jar test result of raw water using PAC: 
Turbidity: 3000 NTU               PH: 8.0                Alkalinity: 85 mg/l  
 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
PAC stock solution (ml/l) 10 10 10 10 
PAC dose in jar (p.p.m) 20 25 30 35 
Turbidity(NTU) 4.0 2.5 1.9 1.4 
PH 7.7 7.7 7.7 7.7 
Alkalinity (mg/l) 80 80 80 80 
 
 
 
 
Fig  (4-19) :  PAC dose versus turbidity, PH and alkalinity .
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Table 4.10: Jar test result of raw water using polymer with alum: 
Turbidity: 11960 NTU               PH: 8.1               Alkalinity: 100 mg/l  
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
Alum stock solution (g/l) 10 10 10 10 
Alum dose in jar (p.p.m) 30 40 50 60 
Polymer stock solution (ml/l) 1.0 1.0 1.0 1.0 
Polymer dose in jar (p.p.m) 3.0 4.0 5.0 6.0 
Turbidity (NTU) 27 9.0 6.0 4.0 
PH 8.0 7.9 7.6 7.5 
Alkalinity (mg/l) 93 92 90 85 
 
 
 
 Fig (4 -20 ): Polymer and alum dose versus turbidity , PH and alkalinity.
0
5
10
15
20
25
30
3 4 5 6
Polymer dose (p.p.m)
PH
 &
 T
ur
bi
di
ty
80
82
84
86
88
90
92
94
30 40 50 60
Alum dose (p.p.m)
A
lk
al
in
ity
Turbidity (NTU)
PH
Alkalinity (mg/l)
   
- 71 - 
Table4.11: Jar test result of raw water using PAC: 
Turbidity: 11960 NTU               PH: 8.1               Alkalinity: 100 mg/l  
 
             Jar Number 
 Parameter 
1 2 3 4 
River water (ml) 1000 1000 1000 1000 
PAC stock solution (ml/l) 10 10 10 10 
PAC dose in jar (p.p.m) 30 35 40 45 
Turbidity(NTU) 10 9 8 7 
PH 7.96 7.96 7.96 7.96 
Alkalinity (mg/l) 90 90 90 90 
 
 
 
  Fig (4 -21) :PAC dose versus turbidity , PH and alkalinity .
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4.2.2 Economical comparison:  
By taking the optimum doses obtained from the jar tests and (Q = 76,800 
m3/day) at Mogran w/ws the following comparison between the 
coagulants daily amounts and cost had been carried out:    
Table (4-12): 
 
 
From the above results; applying alum to low turbid water will cost less 
than alum plus polymer or PAC .But applying PAC for moderate to high 
turbid water will cost less than polymer plus alum or alum alone.  
 
 
 
 
 
Turbidity 
(NTU) 
Coagulant Dose 
(p.p.m) 
Q 
(m3/day) 
Daily amount 
(Ton) 
Unit price 
($) 
Total 
cost($) 
1160 Alum 50 76800 3.84 140 537.6 
1160 Polymer+ 
Alum 
2.0 + 
25 
76800 0.154 + 1.92 2000 
+140 
576.8 
1160 PAC 10 76800 0.768 700 537.6 
3000 Alum 150 76800 11.52 140 1612.8 
3000 Polymer+ 
Alum 
3.0 + 
80 
76800 0.23 + 6.144 2000 
+140 
1320.16 
3000 PAC 20 76800 1.536 700 1075.2 
11960 Polymer+ 
Alum 
6.0 + 
60 
76800 0.461 + 4.61 2000 
+140 
1567.4 
11960 PAC 45 76800 3.456 700 2419.2 
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4.2.3 Residual aluminum results:  
    The method used for obtaining the residual aluminum was colorimetric 
method which is not a perfect method but it was the available one for the 
study. The test was made for the max doses resulting from the jar test as 
optimum doses for alum and PAC (150 p.p.m alum dose & 45 p.p.m PAC 
dose). 
  
Table (4-13):  
 Dose (p.p.m) Residual AL2O3(p.p.m) Residual AL(p.p.m) 
  Alum 150 0.920 0.49 
PAC 45 0.775 0.41 
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4.3 Discussion of the results: 
1. Table (4- 1),fig (4-1) and fig (4-2) showing the high levels of the 
alum doses used during July and August of the years 1988 , 1989 & 
1990 , the max and average doses are greater than WHO guide line 
for the alum dose which must not be greater than 150 p.p.m  . The 
min dose also greater than the Indian standard which must not be 
greater than 80 p.p.m. 
2. Table (4-2) and fig (4-3), fig (4-4) and fig (4-5) showing the 
variation of turbidity, TSS, PH and T.  Alkalinity of the raw water. 
Turbidity for the first period from 1994 to 1998 varying from 
moderated to low ranging from( 8400 to 5530 ) FTU for the max 
level , and from( 390 to 103 ) FTU for the min levels ; the average 
levels ranging from (2479 to 1297 ) FTU  varying slightly from 
year to anther. But for the second period from 1999 to 2003 the 
variation is clearly noticed , the max levels ranging from ( 21400 to 
3150 ) NTU , the min levels range (750 to 280 ) NTU , for the 
average levels ranging from (5306 to 1022 ) .the high levels 
continued for the year 2002 , 2003and 2004 . For TSS which did 
not find for the first period, for the second period from 1999 to 
2003 as turbidity the max levels (25500 – 11000) mg/l, min levels 
(706 – 790) mg/l and the average levels (6107 – 3631) mg/l. 
3.   Table (4-2) , fig (4-9) ,fig (4-10), fig (4-11) and fig (4-12) 
showing the variation of PH and T. alkalinity of the raw water for 
the ten years ,there is an approximate constant ranges or a slight 
variation in PH and T. alkalinity . 
4. Table (4-3), fig (4-6), fig (4-7) and fig (4-8) showing the types and 
doses of the coagulants used during the last ten years. For the first 
period 1994 to 1998 alum and lime used alone for turbidity more 
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than 3000 FTU , so the doses were very  high; the max doses 
ranges (360 to 200 ) p.p.m , min doses ( 90 to 30) p.p.m and the 
average doses ranges ( 149 to 99) p.p.m .For the second period 
1999 to 2003 and after using poly DADMAC as coagulant aid the 
alum doses decrease , the max doses range (310 to 70 )p.p.m –the 
dose 310 p.p.m alum alone – the min doses range (20 to 15) p.p.m 
and the average doses  range ( 50 to 23) p.p.m . For the polymer or 
poly DADMAC it was used in 1999 for the first time and the years 
after, the max doses range (6.0 to 3.0) p.p.m, the min doses range 
(1.5 to 1.0) p.p.m and the average doses range (2.4 to 1.6) p.p.m. 
PAC introduced first in 2002 and used with max doses range (45 to 
40) p.p.m, min doses range (10 to 12) p.p.m and the average doses 
(26.9 to 21.4) p.p.m working alone as a coagulant. 
5. For the experimental work , a jar tests were made for a three types 
of turbid water ,natural surface water with turbidity 1160 NTU first  
using alum alone  tables (4-4),fig (4-14) the optimum dose is ( 50 
p.p.m) alum, with residual turbidity 5.44 NTU , PH 7.5 and 
alkalinity 75 mg/l . For the same sample using alum with poly 
DADMAC table (4-5) , fig (4-15)  the optimum dose 25 p.p.m 
alum and 2.0 p.p.m polymer , the residual turbidity 3.3 NTU , PH 
7.3 and alkalinity 80 mg/l . Using PAC for the same sample table 
(4-6), fig (4-16), the optimum dose is 10 p.p.m PAC, residual 
turbidity 6 NTU, PH 8.02 and alkalinity 83 mg/l. 
6. The second turbid sample with turbidity 3000 NTU, PH 8.0, and 
alkalinity 85 mg/l. By using alum alone with lime (neutralizing the 
acidity)table (4-7) & fig (4-17) , the optimum dose  150 p.p.m alum 
, 50 p.p.m lime , residual turbidity 5.8 NTU , PH 6.53 ,and 
alkalinity 42 mg/l .When using poly DADMAC with alum table (4-
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8) & fig (4-18) , the optimum dose  3.0 p.p.m polymer , 80 p.p.m 
alum , residual turbidity 6.0 NTU , PH 7.9 and alkalinity 70 mg/l . 
By using PAC for same sample table (4-9) & fig(4-19) , the 
optimum dose 20 p.p.m PAC , residual turbidity 4.0 NTU , PH 7.7 
and alkalinity 80 mg/l  
7. The max turbid sample which is a synthetically prepared water 
with turbidity 11960 NUT, PH 8.1 and alkalinity 100 mg/l. using 
alum for that range of turbidity was impractical, so by using poly 
DADMAC with alum table (4-10) & fig (4-20) the optimum dose 
6.0 p.p.m polymer, 60 p.p.m alum, residual turbidity 4.0 NTU, PH 
7.5 and alkalinity 85 mg/l.  
When using PAC table (4-11) & fig (4-21), the optimum dose 45 
p.p.m PAC, PH 7.96 and alkalinity 90 mg/l. 
8. From fig (4-14) & fig (4-17) there was a noticeable change for the 
PH and alkalinity when using alum alone with variable doses. But 
when using  either constant or variable doses of polymer with 
variable doses of alum fig (4-15) & fig (4-20) there were a slightly 
change for the PH and alkalinity due to the change of alum dose 
.When using variable doses of polymer with constant dose of alum 
fig (4-18) there were no change in PH and alkalinity . 
For PAC fig (4-16), (4-19) & (4-21) there were no change in PH 
and alkalinity. 
9. For the floc formation and settling rate, there were a noticeable 
increase in polymer floc size and increased settling rate which is 
the major benefit of polymer. For PAC flocs they were greater in 
size than alum but less than polymer and so the settling rate. 
10. Table (4-12) shows the daily amounts of each coagulant used and 
the total cost. The results show that, applying alum for low turbid 
water less in cost and amount than polymer plus alum or PAC.  
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Using PAC for moderate to high turbid water less in cost and 
amount than polymer plus alum.    
11. Table (4-13) showing the residual aluminum for the max optimum 
doses of alum and PAC, the results were high, for the WHO 
guideline for residual aluminum was 0.2 p.p.m. 
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CHAPTER FIVE 
CONCLUSION & RECOMMENDATIONS 
 
5.1 Conclusion: 
1. There was a variation in the ranges of turbidity for the period (1994 
-1998) from moderate to high but the ranges of turbidity& TSS 
increase for the second period (1999 to 2003), particularly for the 
years 2002 and 2003 these changes of water quality pattern due to 
excessive soil erosion (removal of vegetation by cutting forest and 
unmanaged agriculture) during the heavy rainy season (June 
through September). And during the flood period there were a great 
concentration of heavy suspended silt and the bed of the river both 
silted and scoured when the mean velocity exceeded 1 
meter/second (the mean average slope of the river from Lake Tana 
to Roseires 1.5 meter per kilometer). 
2. There were no changes on PH and alkalinity during the last ten 
years. 
3. From the previous records of alum doses when used alone from 
1998 and years before, the doses were very high and the quality of 
treated water was low. The doses exceeding 150 p.p.m which is 
WHO standard .That mean, using alum for turbid water more than 
1000NTU is impracticable, decreasing the water alkalinity 
,increasing residual aluminum and producing treated water of low 
quality .but its performance will be better during the period from 
end of October to the beginning of June the periods of low  
turbidity   . 
4. Using poly DADMAC as coagulant aid with alum was effective for 
high turbidity and color removal rather than alum alone also 
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reducing the quantity of sludge. But there were a health risks 
associate with residual polymer and monomer need more studies. 
5. Poly aluminum chloride (PAC) was effective on high turbidity 
removal and working in a wide range of PH without change in 
water alkalinity. 
6. The total consumption of PAC at Al Mogren w/ws during the flood 
season less than that of polymer and alum by 54 %. And the total 
cost of PAC also less than polymer and alum by 12.5 %.  
7. There were health risks associated with residual aluminum in 
treated water when using high doses of alum or PAC. 
8. Consumption of turbid water may be a dangerous health risk. 
9.  There is no treatment for sludge and deposits resulting from the 
flocculation process and they were discarded directly to Nile which 
may contaminate the water and environment. 
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5.2 Recommendations: 
1. To reduce the heavy suspended silt in the Blue Nile water, using 
pre treatment is recommended. Plain sedimentation prior to the 
coagulation process will reduce turbidity, quantities of chemical, so 
decreasing the production cost.  
2. Avoid using polymer or PAC during the period of low turbidity 
and use alum alone with doses range within (WHO) guidelines. 
There must be regular measurements for the residual aluminum.   
3. Till using pretreatment, using effective coagulants (polymer or 
PAC) is recommended but the doses should be lower than the 
standard. 
4. When using polymer, prechlorination should not be used for that 
may result in formation of Trihalomethane (residual monomer). 
5. Before introducing polymer, an exact chemical analysis of polymer 
including : polymer content, monomer content ,other raw material 
content , other organic and inorganic contaminants is 
recommended . 
6. The analytical method of analysis and control process should 
follow standard methods for the examination of water and be 
affordable to the existing control and surveillance infrastructure  
7. Rehabilitate the existing water works to deal with recent changes in 
water properties .necessary instruments; equipments and chemical 
should be available. 
8. The sludge and waste resulting from the flocculation process 
should be treated before disposal and should not be discarded 
directly into the river. 
9.   Further studies should be made on the natural coagulants to be 
used instead of chemical ones.  
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10. Further studies should be made on the health risks associated with 
residual aluminum and residual polymer. 
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Annex(1) 
(A) 
Table (1): Full analysis of Nile, Blue and White Nile water (1997-
2002)(*) 
Nile Blue Nile White Nile Parameter 
max min max min max min 
Appearance muddy turbid muddy clear muddy Turbid 
Turbidity(NTU) 21040 45 19575 2 22575 55 
Temp  CO 35 19 35 18 35 19 
PH 8.7 7.9 8.9 7.8 8.9 7.8 
Conductivity(µs /cm ) 240 150 240 160 220 140 
Hardness(mg/l) 70 50 75 50 60 50 
Alkalinity(mg/l) 120 70 120 70 120 70 
Ph . Alkalinity(mg/l) 10 Nil 10 Nil 15 Nil 
Calcium(mg/l) 30 18 28 18 30 20 
Chloride(mg/l) 10 4 10 4 10 4 
Sulphate(mg/l) 16 6 16 8 16 7 
Iron(mg/l) 0.1 0.03 0.1 0.02 0.1 Nil 
Nitrite(mg/l) 0.001 0.0005 0.001 0.0003 0.001 .0007 
Nitrate(mg/l) 2.4 Nil 2.0 Nil 0.01 Nil 
Copper(mg/l) Nil Nil Nil Nil Nil Nil 
Manganese(mg/l) 0.04 Nil 0.02 Nil 0.01 Nil 
Silica(mg/l) 4.2 2.8 4.8 1.8 4.0 1.0 
TSS(mg/l) 24600 40 22350 15 26950 70 
TDS(mg/l) 120 60 120 70 110 70 
Fluoride(mg/l) 0.32 0.31 0.35 0.32 0.45 0.32 
Tot. count /5ml 1700 170 1200 90 2100 200 
Coliforms/100ml 20 Nil 10 Nil 30 10 
 
(B) 
Table (2): Full Analysis of Blue Nile water (2002)( *) : 
Min. limit Max. limit Parameter 
2 22575 Turbidity (NTU) 
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18 35 Temp. (C O) 
7.8 8.9 PH 
160 240 Conductivity (µs /cm ) 
50 75 Total hardness (mg/l) 
70 120 Alkalinity (mg/l) 
Nil 10 Phenoph. Alkalinity(mg/l) 
18 28 Calcium (mg/l) 
2.8 4.8 Magnesium (mg/l) 
4 10 Chloride (mg/l) 
8 16 Sulphate (mg/l) 
0.02 0.1 Iron (mg/l) 
0.0003 0.001 Nitrite (mg/) 
Nil 2 Nitrate (mg/l)  
Nil Nil Copper (mg/l)  
Nil 0.02 Manganese (mg/l) 
1.8 4.8 Silica (mg/l) 
15 26950 TSS (mg/l) 
70 120 TDS (mg/l) 
Nil 10 Total coliform per 100 ml 
90 1200 Total count per 5 ml  
  
(C) 
Table (3): Full Analysis of White Nile water (2002) (* ): 
Min. limit Max. limit Parameter 
55 19575 Turbidity (NTU) 
19 35 Temp. (C O) 
7.8 8.9 PH 
140 220 Conductivity (µs /cm ) 
50 60 Total hardness (mg/l) 
70 120 Alkalinity (mg/l) 
Nil 15 Phenoph. Alkalinity(mg/l) 
20 30 Calcium (mg/l) 
2.4 4.8 Magnesium (mg/l) 
4 10 Chloride (mg/l) 
7 16 Sulphate (mg/l) 
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Nil 0.1 Iron (mg/l) 
0.0007 0.001 Nitrite (mg/) 
1.6 2.8 Nitrate (mg/l)  
Nil Nil Copper (mg/l)  
Nil 0.01 Manganese (mg/l) 
1 4 Silica (mg/l) 
70 22350 TSS (mg/l) 
70 110 TDS (mg/l) 
10 30 Total coliform per 100 ml 
200 2100 Total count per 5 ml  
 
(D) 
Table (4): Full Analysis of Nile water (* ) : 
Min. limit Max. limit Parameter 
45 21040 Turbidity (NTU) 
19 35 Temp. (C O) 
7.9 8.7 PH 
150 240 Conductivity (µs /cm ) 
50 70 Total hardness (mg/l) 
70 120 Alkalinity (mg/l) 
Nil 10 Phenoph. Alkalinity(mg/l)  
18 30 Calcium (mg/l) 
2.6 4.8 Magnesium (mg/l) 
4 10 Chloride (mg/l) 
6 16 Sulphate (mg/l) 
0.03 0.1 Iron (mg/l) 
0.0005 0.001 Nitrite (mg/) 
Nil 2.4 Nitrate (mg/l) 
Nil Nil Copper (mg/l) 
Nil 0.04 Manganese (mg/l) 
2.8 4.2 Silica (mg/l) 
40 24600 TSS (mg/l) 
60 120 TDS (mg/l) 
Nil 210 Total coliform per 100 ml 
170 1700 Total count per 5 ml 
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* Source: the central laboratory at Al-Mogran w/ws 
 
 
 
Annex (2) 
 
Daily alum doses applied during July & August for years 1988,1989 
&1990 
 July August 
Days 1988 1989 1990 1988 1989 1990 
1 120 40 70 320 160 580 
2 110 40 70 320 180 580 
3 120 45 70 320 180 580 
4 130 40 70 320 160 340 
5 140 45 70 320 160 220 
6 140 45 70 240 160 180 
7 140 45 80 240 160 180 
8 130 55 80 200 200 200 
9 140 55 80 200 210 240 
10 130 55 70 105 200 200 
11 130 60 70 220 160 220 
12 150 60 70 200 160 220 
13 170 60 80 140 160 180 
14 180 130 70 240 140 180 
15 180 150 70 140 140 200 
16 210 150 80 120 140 220 
17 240 150 80 110 180 280 
18 320 140 90 120 240 240 
19 500 150 90 110 240 180 
20 500 160 100 110 240 160 
21 340 180 120 110 220 160 
22 340 180 120 110 220 180 
23 340 220 120 110 200 180 
24 340 240 160 120 260 160 
25 360 260 160 120 260 160 
26 360 260 320 110 220 160 
27 300 300 280 140 220 200 
28 320 300 340 140 160 140 
29 320 300 500 220 160 160 
30 320 200 540 240 320 160 
31 320 180 620 240 320 140 
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Annex(2) 
 
 Daily data of the flood season (first july-30 September )1994 
             
  Days Turbidity (FTU) PH Total alkali (mg/L) Alum dose (mg/L) Lime dose (mg/L) 
  1 513 7.8 100 80 0 
  2 491.5 8.12 80 80 0 
J 3 495 8 90 70 0 
  4 600 7.91 95 70 0 
  5 450 7.8 100 70 0 
  6 765 7.7 88 80 0 
U 7 1080 7.6 75 90 30 
  8 1300 7.8 90 120 30 
  9 1300 7.92 80 110 27.5 
  10 1350 7.76 80 110 27 
L 11 1440 7.87 85 120 30 
  12 1530 7.98 90 130 33 
  13 2284 7.99 105 160 53 
  14 2792 8 95 190 55 
Y 15 3300 8.01 90 220 57 
  16 2700 7.77 95 220 57 
  17 3690 7.8 100 220 55 
  18 6540 8.1 110 300 75 
  19 4280 7.8 105 300 75 
  20 3900 7.7 100 280 70 
  21 7570 7.7 105 340 85 
  22 5430 7.8 110 360 90 
  23 4860 7.7 105 340 85 
  24 3480 7.7 100 320 80 
  25 3600 7.8 90 260 60 
  26 3300 7.6 105 240 60 
  27 3650 7.99 110 180 45 
  28 3420 7.9 100 180 45 
  29 3915 7.9 105 210 55 
  30 4410 8 110 240 60 
  31 4140 7.8 110 200 50 
A 1 4140 7.9 100 220 55 
  2 3315 8.32 110 180 45 
U  3 2730 7.87 115 180 45 
  4 3240 8.1 100 200 50 
G  5 2850 7.9 105 180 45 
  6 3350 8.3 105 180 45 
U 7 3000 7.8 110 220 55 
  8 3000 7.9 90 180 45 
  9 3060 7.9 110 180 45 
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 S 10 3060 7.9 95 200 50 
  11 2250 8.06 95 160 40 
 12 2160 7.7 100 160 40 
 T 13 2250 7.8 75 140 35 
  14 2400 7.5 100 140 35 
 
  15 3635 8 100 160 40 
  16 3300 8.13 100 120 30 
 17 2460 7.9 95 140 35 
  18 1620 7.7 90 160 40 
 A 19 2220 7.9 100 160 40 
  20 3650 8.02 100 160 40 
  21 2335 8.1 105 160 40 
U 22 1020 8.1 95 140 33 
  23 1530 8.2 95 100 25 
G  24 1460 7.8 85 100 25 
  25 1260 7.8 95 100 25 
U 26 1030 7.98 95 100 25 
 27 1310 8.04 85 100 25 
S  28 1590 8.09 80 100 25 
  29 1830 7.8 90 120 30 
T  30 1800 8.13 110 120 30 
  31 1230 7.8 110 100 25 
S 1 1300 7.98 105 100 25 
  2 1400 7.98 110 120 30 
  3 1320 8.14 110 100 25 
  4 1650 7.8 115 120 30 
E 5 1200 7.92 105 100 25 
  6 1050 7.8 110 100 25 
  7 850 7.8 85 100 25 
  8 960 7.92 95 100 25 
P 9 760 8.05 95 90 30 
  10 690 8.02 95 90 30 
  11 930 7.8 90 80 0 
  12 920 7.97 100 90 30 
T 13 925 7.8 100 90 30 
  14 1350 7.8 95 90 30 
  15 850 7.88 95 90 30 
E 16 775 7.88 95 90 30 
  17 700 7.88 85 80 0 
  18 680 7.91 90 80 0 
  19 630 7.92 95 80 0 
M 20 640 7.9 80 60 0 
  21 673 7.85 80 60 0 
  22 410 8.03 90 50 0 
P 23 430 8 90 50 0 
  24 450 7.98 90 50 0 
  25 210 7.8 95 50 0 
E 26 270 7.99 90 40 0 
  27 340 7.98 95 50 0 
  28 360 7.99 85 40 0 
R 29 250 7.9 85 50 0 
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  30 390 7.99 90 40 0 
 
 
 
 
       
 Daily data of the flood season (first july-30 September ) 1995 
      
 
 
   Days Turbidity (FTU) PH Total alkali (mg/L) Alum dose (mg/L) Lime dose (mg/L) 
  1 61.2 8.34 140 60 0 
  2 76.8 8.34 140 60 0 
J 3 90 8.4 140 60 0 
  4 103.1 8.52 140 50 0 
  5 352.5 8.55 140 60 0 
  6 650 8.46 145 80 0 
U 7 660 8.44 145 80 0 
  8 660 8.41 120 90 22.5 
  9 650 8.4 125 90 22.5 
  10 640 8.42 135 90 22.5 
L 11 790 8.42 140 90 22.5 
  12 750 8.4 135 90 22.5 
  13 720 8.3 140 90 22.5 
  14 719 8.11 135 90 22.6 
Y 15 740 8.22 140 100 25 
  16 1195 8.2 135 100 25 
  17 1650 8.2 130 120 30 
  18 1100 8.13 140 100 27.5 
  19 1000 8.13 140 100 25 
  20 3000 8.1 110 200 67 
  21 5100 7.99 100 200 67 
  22 760 7.96 90 100 25 
  23 880 8.22 90 100 25 
  24 840 7.98 95 90 22.5 
  25 1015 7.99 95 100 25 
  26 1600 8 95 100 27.5 
  27 3320 7.98 90 220 73 
  28 5040 7.88 90 220 73 
  29 5285 8.1 90 220 73 
  30 5530 8.22 90 220 73 
  31 2650 8.18 110 240 80 
  1 3660 8.1 100 220 73 
  2 4320 8.03 110 240 80 
A 3 4620 8.05 100 220 73 
  4 4600 7.98 100 220 73 
  5 4000 8.1 100 240 80 
U 6 2634 8.1 100 220 73 
  7 3092 8.1 100 220 73 
G  8 3550 8.02 95 240 80 
  9 2650 8.08 95 240 80 
U 10 2700 8.1 95 240 80 
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  11 2650 8.05 95 220 73 
  12 2670 8.1 95 240 80 
S 13 2500 8.12 95 220 73 
  14 2400 8.14 95 220 67 
T  15 1560 8.12 95 200 67 
 16 2360 8.2 100 200 67 
  17 2100 8.12 90 180 60 
A 18 2220 8.15 90 200 67 
 19 1850 8.18 90 200 67 
  20 1450 8.13 95 200 67 
U 21 1800 8.1 90 180 60 
  22 1600 8.1 80 160 53 
  23 1850 8.06 95 160 53 
G 24 1850 8.1 90 180 60 
  25 1983 8.04 95 180 60 
U 26 2115 8.03 100 180 60 
  27 1950 7.97 90 160 53 
S 28 1760 8.07 95 160 53 
  29 2340 8.09 90 180 60 
  30 1750 8.02 90 160 53 
T 31 1875 8 95 160 53 
S 1 1960 8.12 90 160 53 
  2 2300 8.08 90 200 67 
  3 1400 8.04 75 160 53 
  4 1100 8.08 75 160 53 
E 5 1120 8.03 70 160 53 
  6 1125 8.02 70 140 47 
  7 1060 8.03 80 140 47 
  8 1210 8.08 85 140 47 
P 9 1300 7.88 75 140 47 
  10 1150 7.89 70 120 40 
  11 1260 7.78 70 140 47 
  12 1520 8.01 85 160 53 
T 13 1410 8.01 90 160 53 
  14 1050 8.02 90 160 53 
  15 950 7.98 85 140 47 
E 16 750 7.8 70 120 40 
  17 860 7.85 70 120 40 
  18 730 8.01 70 140 47 
  19 375 7.89 70 120 40 
M 20 285 7.9 70 100 33 
  21 390 7.88 85 100 33 
  22 305 7.91 80 100 33 
P 23 308 7.9 80 100 33 
  24 310 7.8 70 100 33 
  25 350 7.85 75 100 33 
E 26 440 7.9 85 100 33 
  27 420 7.81 70 100 33 
  28 250 7.78 70 100 33 
R 29 310 8 85 100 33 
  30 280 7.9 80 100 33 
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 Daily data of the flood season (first july-30 September ) 1996    
       
   Days Turbidity (FTU) PH Total alkali (mg/L) Alum dose (mg/L) Lime dose (mg/L) 
  1 555 8.1 80 110 37 
  2 627 8.1 75 100 33 
J 3 590 7.9 80 100 33 
  4 595 7.9 85 90 30 
  5 615 7.9 80 100 33 
  6 634 7.9 80 100 33 
U 7 635 7.9 75 100 33 
  8 702 7.9 60 110 37 
  9 665 7.9 70 110 37 
  10 822 7.9 70 100 33 
L 11 2350 8.1 60 120 40 
  12 2200 8.1 70 120 40 
  13 3500 7.9 60 120 40 
  14 4400 8.3 65 120 40 
Y 15 4050 8.3 65 140 47 
  16 4000 7.9 55 150 50 
  17 5350 8.3 60 150 50 
  18 5350 8.3 60 150 50 
  19 5700 8.1 70 170 57 
  20 6500 8.1 75 170 57 
  21 6200 8.1 80 160 53 
  22 6430 7.9 80 210 70 
  23 5015 7.9 60 200 67 
  24 4550 7.9 60 170 57 
  25 4050 7.9 75 160 53 
  26 4500 7.9 80 160 53 
  27 4200 7.9 70 150 50 
  28 3950 7.9 80 140 47 
  29 3800 7.9 60 150 50 
  30 3425 7.9 60 150 50 
  31 3600 7.9 60 150 50 
  1 4600 7.9 65 170 57 
  2 4900 7.9 70 170 57 
A 3 3330 7.9 50 150 50 
  4 3450 7.9 60 150 50 
  5 4300 7.9 70 150 50 
 U 6 3950 7.9 75 140 47 
 7 3595 7.9 80 140 47 
  8 2660 7.9 60 130 43 
 G 9 3100 7.9 70 140 47 
  10 2140 7.9 75 130 43 
U 11 2450 7.9 70 130 43 
  12 2470 7.9 75 130 43 
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 13 2500 8.1 80 130 43 
S 14 2350 8 80 130 43 
  15 2254 8.1 75 130 43 
  16 2230 8.1 75 130 43 
T  17 2400 7.9 85 130 43 
 18 2540 7.9 85 130 43 
  19 2700 8 70 140 47 
A  20 2830 8 70 140 47 
  21 2910 8.1 85 130 43 
U 22 2655 8.1 80 130 43 
  23 2400 8.1 75 140 47 
 G 24 2220 7.9 85 130 43 
  25 2140 7.9 85 130 43 
 U 26 2075 8.1 75 120 40 
  27 2083 8.1 75 110 0 
 S 28 2095 7.9 80 110 0 
  29 2020 7.9 70 110 0 
 T 30 2100 7.9 80 100 0 
  31 1720 7.9 60 100 0 
S 1 2096 7.9 65 110 37 
  2 2005 7.9 65 110 37 
  3 2000 7.9 65 100 33 
  4 2670 7.9 65 100 33 
E 5 1920 7.9 65 90 30 
  6 1835 7.9 60 90 30 
  7 1750 7.9 60 90 30 
  8 1680 7.9 65 100 33 
P 9 2000 7.9 65 100 33 
  10 1400 7.9 65 100 33 
  11 2400 8 60 90 30 
  12 2025 8 65 90 30 
T 13 1650 7.9 70 90 30 
  14 1800 7.9 60 90 30 
  15 1950 7.9 55 90 30 
E 16 1400 7.9 65 80 0 
  17 1700 7.9 65 100 33 
  18 1060 7.9 60 90 30 
  19 1320 7.9 75 70 0 
M 20 1250 7.9 70 80 0 
  21 1235 7.9 60 70 0 
  22 800 7.9 65 60 0 
P 23 850 7.9 70 60 0 
  24 750 7.9 65 60 0 
  25 650 7.9 60 70 0 
E 26 662 7.9 60 50 0 
  27 750 7.9 70 60 0 
  28 800 7.9 50 60 0 
R 29 510 7.9 60 60 0 
  30 465 7.9 60 50 0 
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 Daily data of the flood season (first july-30 September ) 1997 
       
   Days Turbidity (FTU) PH Total alkali (mg/L) Alum dose (mg/L) Lime dose (mg/L) 
  1 627 8.1 75 110 37 
  2 750 8.1 75 110 37 
J 3 860.1 8.1 75 110 37 
  4 920 8.1 75 120 40 
  5 1500 8.1 75 120 40 
  6 1500 8.1 75 120 40 
U 7 1200 8.1 75 120 40 
  8 1430 8.1 75 120 40 
  9 706.5 8.1 75 110 37 
  10 1580 8.1 75 120 40 
L 11 1550 8.1 75 120 43 
  12 1990 8.1 90 120 40 
  13 1545 8.1 90 120 40 
  14 1100 8.1 90 120 40 
Y 15 4800 7.9 90 150 50 
  16 6150 8.1 115 180 60 
  17 7600 7.9 110 190 63 
  18 8200 7.9 115 190 63 
  19 8400 7.9 110 220 73 
  20 7800 7.9 100 220 73 
  21 2800 7.9 110 180 60 
  22 3700 7.9 105 220 73 
  23 2800 7.9 100 200 67 
  24 5750 7.9 95 200 67 
  25 2900 7.9 95 200 67 
  26 2400 7.9 95 180 60 
  27 3090 7.9 110 240 80 
  28 2750 7.9 110 220 73 
  29 4420 7.9 115 260 87 
  30 2520 7.9 125 180 60 
  31 2490 7.9 110 180 60 
  1 2350 7.9 110 220 73 
  2 2020 7.9 100 180 60 
A 3 2015 7.9 100 180 60 
  4 1800 7.9 115 180 60 
  5 1770 7.9 120 240 80 
U  6 2050 7.9 115 240 80 
 7 1800 7.9 115 180 60 
  8 1410 7.9 115 180 60 
G  9 1560 7.9 90 160 53 
  10 1776 7.9 100 140 47 
U 11 1570 7.9 100 140 47 
  12 1614 7.9 100 180 60 
S  13 1550 7.9 95 120 40 
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 14 1150 7.9 95 180 60 
  15 1300 7.9 95 180 60 
T  16 2200 7.9 90 240 80 
  17 2016 7.9 90 220 73 
 18 2172 7.9 90 220 73 
  19 1475 7.9 90 240 80 
A  20 1625 7.9 90 200 67 
  21 1800 7.9 95 200 67 
U 22 1825 7.9 100 180 60 
  23 1850 7.9 115 180 60 
G  24 1900 7.9 90 200 67 
  25 1600 7.9 100 200 67 
U 26 1350 7.9 90 200 67 
  27 1400 7.9 95 200 67 
S  28 1350 7.9 100 180 60 
  29 1200 7.9 100 180 60 
 T 30 1052 7.9 90 140 47 
  31 1150 7.9 90 140 47 
 1 1080 7.9 95 140 47 
 S 2 834 7.9 90 120 40 
  3 995 7.9 95 100 33 
  4 1100 7.9 95 100 33 
E 5 950 7.9 95 90 30 
  6 900 7.9 95 90 30 
  7 636 7.9 95 90 30 
  8 375 7.9 85 60 0 
P 9 270 7.9 85 30 0 
  10 210 7.9 85 30 0 
  11 150 7.9 85 30 0 
  12 250 7.9 85 40 0 
T 13 240 7.9 85 30 0 
  14 240 7.9 85 30 0 
  15 170 7.9 90 50 0 
E 16 570 7.9 100 90 0 
  17 610 7.9 100 90 0 
  18 500 7.9 100 80 0 
  19 580 7.9 105 80 0 
M 20 320 7.9 80 40 0 
  21 380 7.9 85 30 0 
  22 365 7.9 85 30 0 
P 23 345 7.9 85 30 0 
  24 309 7.9 90 40 0 
  25 275 7.9 90 30 0 
E 26 320 7.9 95 30 0 
  27 267 7.9 85 30 0 
  28 324 7.9 80 40 0 
R 29 309 7.9 80 30 0 
  30 243 7.9 80 30 0 
 
 
 
 - 98 -  
 
 
 
 
 Daily data of the flood season (first july-30 September )1998 
       
   Days Turbidity (NTU) PH Total alkali (mg/L) Alum dose (mg/L) Lime dose (mg/L) 
  1 149.6 8.2 85 30 0 
  2 385 8.1 85 80 0 
J 3 320 8 80 50 0 
  4 443.5 8.1 80 50 0 
  5 445 8 75 60 0 
  6 540 8 75 60 0 
U 7 470 8 75 60 0 
  8 460 8.1 80 50 0 
  9 455 8.1 85 50 0 
  10 450 8 85 50 0 
L 11 550.3 8 95 40 0 
  12 653 8 95 50 0 
  13 800 8.1 95 70 0 
  14 760 8.1 95 60 0 
Y 15 790 8.1 95 70 0 
  16 1240 8.1 90 90 0 
  17 2060 8.1 85 80 0 
  18 4200 8.1 100 110 0 
  19 2960 8.1 110 140 0 
  20 4100 8.1 110 120 12 
  21 5350 8.2 120 140 28 
  22 3400 8.1 120 140 47 
  23 3640 8.1 110 160 53 
  24 3850 8.1 110 160 53 
  25 2515 8.1 110 140 47 
  26 3325 8.2 110 150 50 
  27 2820 8.1 100 150 50 
  28 3240 8.3 145 150 50 
  29 2535 8.3 100 150 50 
  30 2560 8.3 110 150 50 
  31 3500 8.3 110 150 50 
  1 3200 8.3 110 180 0 
  2 2015 8.1 95 200 0 
A 3 2150 8.3 90 160 0 
  4 2000 8.1 100 150 0 
  5 1950 8.1 95 140 0 
  6 2245 8.3 95 150 0 
U 7 1800 8.3 100 120 0 
  8 2025 8.3 100 140 0 
  9 1700 8.3 110 150 0 
  10 1880 8.3 120 140 0 
G 11 1360 8.3 110 140 0 
  12 1500 8.3 110 140 0 
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U  13 1165 8.3 105 120 0 
 14 1640 8.3 105 130 0 
S  15 705 8.3 110 110 0 
  16 2330 8.3 110 140 0 
T  17 1360 8.3 110 130 0 
 18 880 8.3 115 120 0 
  19 900 8.3 115 100 0 
A  20 1150 8.3 120 110 0 
  21 1130 8.1 110 110 0 
U 22 1010 8.2 100 110 0 
  23 980 8.3 95 90 0 
 G 24 1044 8.1 100 100 0 
  25 1568 8.1 120 130 0 
 U 26 934 8.1 110 110 0 
  27 715 8.1 95 100 0 
 S 28 1200 8.1 95 120 0 
 29 1216 8.1 100 120 0 
T  30 900 8.3 110 110 0 
  31 784 8.3 100 90 0 
 1 750 8.3 105 70 0 
S  2 645 8.3 105 80 0 
  3 540 8.3 100 90 0 
  4 570 8.3 110 80 0 
E 5 556 8.1 100 80 0 
  6 501 8.1 100 80 0 
  7 446 8.1 100 80 0 
  8 430 8.1 100 90 0 
P 9 442 8.1 100 60 0 
  10 344 8.1 100 80 0 
  11 440 8.1 105 80 0 
  12 472 8.1 100 80 0 
T 13 692 8.1 100 80 0 
  14 650 8.1 100 80 0 
  15 596 8.1 100 80 0 
E 16 574 8.1 95 70 0 
  17 586 8.1 100 60 0 
  18 610 8.1 100 60 0 
  19 604 8.1 95 70 0 
M 20 400 8.1 100 60 0 
  21 250 8.1 95 50 0 
  22 342.5 8.1 100 80 0 
P 23 390 8.1 90 80 0 
  24 538 8 100 70 0 
  25 650 8 105 70 0 
E 26 302.5 8 100 60 0 
  27 395 8.1 100 70 0 
  28 490 8 100 60 0 
R 29 380 8 100 40 0 
  30 345 8 100 40 0 
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 Daily data of the flood season      (first july-30 September )    1999 
  
 
    
 
  
   Days TSS (mg/l) 
Turbidity 
(NTU) PH 
Total alkali 
(mg/L) 
Alum dose 
(mg/L) 
Polymer 
dose (mg/L) 
Pac dose 
(m g/L) 
  1 825 230 8.1 60 15 1.5 0 
  2 885 614 8 70 15 1.5 0 
J 3 946 324 8.1 60 20 1.5 0 
  4 1298 292 8.1 60 25 1 0 
  5 1650 487.5 8.1 60 20 1 0 
  6 1727 509 8.1 65 20 1 0 
U 7 1805 530 8.1 65 15 1 0 
  8 2725 640 8.1 60 20 1 0 
  9 6500 1250 8.1 80 20 2.5 0 
  10 4125 790 8.1 80 15 1 0 
L 11 3800 988 8.1 85 20 1 0 
  12 3350 884 8.1 75 20 1 0 
  13 3400 890 8.1 100 25 1 0 
  14 3500 910 8.1 100 10 1.5 0 
Y 15 5170 1190 8.1 100 25 2 0 
  16 9500 2300 8.1 100 30 3 0 
  17 12250 3050 8.1 100 20 3 0 
  18 8950 2800 8.1 95 15 3 0 
  19 13000 2900 8.1 100 15 2 0 
  20 7300 2500 8.1 95 20 2 0 
  21 11700 2700 8.1 100 20 2 0 
  22 11175 2800 8.1 100 20 2 0 
  23 10650 2775 8.1 100 20 2 0 
  24 8500 2800 8.1 100 20 2 0 
  25 10000 3250 8.1 100 30 2 0 
  26 12650 3000 8.1 105 20 2 0 
  27 11150 3009 8.1 100 20 2 0 
  28 9650 2500 8.1 100 20 2 0 
  29 7600 2300 8.1 110 20 2 0 
  30 9075 3100 8.1 110 30 2 0 
  31 10550 3150 8.1 105 15 2 0 
  1 10450 2925 8.1 115 15 2 0 
  2 7250 2500 8.1 105 15 2 0 
A 3 6600 2585 8.12 95 15 2 0 
  4 6150 3000 8.1 100 15 1.5 0 
  5 5575 2450 8.1 100 15 1.5 0 
U 6 5287 2050 8.1 100 20 1.5 0 
 7 5000 2000 8.1 90 15 1.5 0 
G  8 6750 1250 8.1 105 15 1.5 0 
  9 5950 2200 8.1 100 20 1.5 0 
U  10 5375 2000 8.1 90 20 1.5 0 
 11 5087 1750 8.1 100 15 1.5 0 
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S  12 4800 1800 8.1 100 20 1.5 0 
  13 4300 1600 8.1 105 30 1 0 
 14 5100 1600 8.1 105 20 1.5 0 
T  15 6100 1660 8.1 110 20 1.5 0 
  16 7050 2000 8.1 105 25 1.5 0 
  17 6000 1850 8.1 95 20 1.5 0 
 18 5950 1800 8.1 95 20 1.5 0 
A  19 6000 1800 8.1 110 20 1.5 0 
  20 6600 1600 8.1 105 20 1.5 0 
U  21 7200 1620 8.1 90 20 1.5 0 
 22 4000 1450 8.1 85 15 1.5 0 
G  23 7000 2000 8.1 100 20 1.5 0 
  24 6000 1700 8.3 105 20 1.5 0 
U 25 7000 2100 8.3 105 15 1.5 0 
  26 5350 2000 8.3 105 15 1.5 0 
 S 27 4525 1700 8.3 105 15 1.5 0 
  28 3700 1300 8.3 100 15 1.5 0 
 T 29 4500 1400 8.3 105 15 1.5 0 
  30 4500 1350 8.3 100 15 1.5 0 
  31 4500 1400 8.3 95 15 1.5 0 
S 1 4400 1400 8.3 95 15 1.5 0 
  2 4400 1398 8.3 95 15 1.5 0 
  3 8000 1850 8.3 95 15 1.5 0 
  4 8000 1844 8.1 95 15 1.5 0 
E 5 7987 1799 8.1 95 15 1.5 0 
  6 7880 1742 8.1 95 15 1.5 0 
  7 5500 1660 8.1 80 15 1.5 0 
  8 3800 1320 8.1 80 15 1.5 0 
P 9 5250 1150 8.1 80 20 1 0 
  10 3500 900 8.1 80 20 1 0 
  11 3065 865 8.1 85 20 1 0 
  12 1930 741 8.1 85 70 0 0 
T 13 1500 660 8.1 85 70 0 0 
  14 1300 580 8.1 85 70 0 0 
  15 1400 500 8.1 85 70 0 0 
E 16 2000 445 8.2 80 50 0 0 
  17 1875 390 8.2 80 50 0 0 
  18 1750 400 8.1 80 50 0 0 
  19 2480 440 8.1 80 70 0 0 
M 20 1600 428 8.1 80 50 0 0 
  21 1440 425 8.1 80 50 0 0 
  22 1360 458 8.1 80 40 0 0 
P 23 1280 369 8.1 85 40 0 0 
  24 1095 580 8.1 85 60 0 0 
  25 910 360 8.1 80 40 0 0 
E 26 925 330 8.1 85 60 0 0 
  27 940 340 8.1 85 50 0 0 
  28 1000 345 8.1 85 60 0 0 
R 29 920 320 8.1 85 50 0 0 
  30 880 307 8.1 80 40 0 0 
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 Daily data of the flood season (first july-30 September ) 2000 
        
  days 
turbidity 
(NTU) PH 
Total alkali 
(mg/L) 
Alum dose 
(mg/L) 
Polymer 
dose (mg/L) 
Pac dose 
(m g/L) 
  1 300 8.1 75 25 2 0 
  2 304 8.2 75 25 2 0 
J 3 280 8.2 80 20 2 0 
  4 295.5 8.2 85 20 2 0 
  5 304 8.1 85 15 2.5 0 
  6 408.5 8.3 80 20 2 0 
U 7 400 8.3 80 20 2.5 0 
  8 392.5 8.3 80 20 3 0 
  9 337 8.4 80 20 2.5 0 
  10 363 8.3 80 25 2 0 
L 11 363 8.3 80 25 2 0 
  12 382.5 7.9 80 25 2.5 0 
  13 760 8.1 80 30 2.5 0 
  14 654 7.9 100 30 2.5 0 
Y 15 548.5 7.92 110 25 3 0 
  16 815 8 120 30 3 0 
  17 1300 7.8 135 30 3 0 
  18 1728 7.9 140 20 4 0 
  19 1994 7.89 130 20 3.5 0 
  20 2697 7.99 130 20 4 0 
  21 3400 8.1 125 25 4.5 0 
  22 2270 7.92 130 30 3.5 0 
  23 1875 7.88 110 30 3.5 0 
  24 2220 7.95 110 30 3.5 0 
  25 2190 7.96 110 30 3.5 0 
  26 1800 7.98 105 30 3.5 0 
  27 1510 8.13 100 30 3 0 
  28 1870 8.18 100 30 3 0 
  29 2130 7.87 120 25 3.5 0 
  30 2375 7.91 110 25 4 0 
  31 2181 8 110 25 4 0 
  1 1987.5 8.1 120 25 3.5 0 
  2 1425 7.98 100 25 3 0 
A 3 1775 7.96 100 25 3.5 0 
  4 1800 7.97 105 25 3.5 0 
  5 1825 7.98 110 25 4 0 
U 6 1590 7.9 105 25 3 0 
 7 1375 7.93 105 25 3 0 
G 8 1305 7.89 105 25 2.5 0 
  9 1256 8.26 105 25 3 0 
U  10 1155 7.98 100 25 3 0 
 11 1160 8 100 25 3 0 
  12 1285 8.1 110 25 3.5 0 
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S  13 1410 7.9 110 25 3.5 0 
 14 932 8.3 85 25 3 0 
  15 1005 8.3 105 25 3 0 
T  16 1068 8 100 25 3 0 
  17 1415 7.9 110 25 3 0 
 18 1295 7.9 110 25 3 0 
A  19 1175 7.9 110 25 3 0 
  20 1430 8 105 25 3 0 
 U 21 1325 8.1 110 25 2.5 0 
 22 925 8 100 25 2 0 
G  23 1004 8.1 105 25 2.5 0 
  24 1350 8 100 25 3 0 
 U 25 1440 8 100 25 3 0 
  26 968 8 110 25 2.5 0 
 S 27 1025 8 105 25 2.5 0 
  28 955 8 90 20 2.5 0 
 T 29 995 8.2 100 20 2 0 
  30 895 8.1 100 20 2 0 
  31 795 8 100 20 2 0 
S 1 870 8.2 100 20 2 0 
  2 1175 8.1 100 20 2.5 0 
  3 1375 8.1 95 20 2 0 
  4 898 8.1 95 20 1.5 0 
E 5 745 8.1 95 20 1.5 0 
  6 457.5 8.1 90 20 1.5 0 
  7 563 8.1 100 20 1.5 0 
  8 476 8.1 85 20 1.5 0 
P 9 460 9 90 20 1.5 0 
  10 370 8.1 90 20 1 0 
  11 411.5 8.1 95 20 1 0 
  12 633 8 100 20 1.5 0 
T 13 487 8.1 95 20 1 0 
  14 360 8 90 20 1 0 
  15 454 8.1 100 20 1.5 0 
E 16 750 8.1 90 20 1.5 0 
  17 493 7.9 90 20 1 0 
  18 433 7.95 85 20 1 0 
  19 422 8 90 20 1 0 
M 20 297.5 8.2 95 20 1 0 
  21 335 8 90 20 1 0 
  22 305 8.1 90 20 1 0 
P 23 330 8.2 90 20 1 0 
  24 650 7.9 90 20 1 0 
  25 460 7.9 90 20 1 0 
E 26 550 7.9 85 20 1 0 
  27 413 7.9 90 20 1 0 
  28 383 8 95 20 1 0 
R 29 255 7.9 95 20 1 0 
  30 427 7.85 95 20 1 0 
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  Daily data of the flood season (first july-30 September) 2001  
         
   Days Turbidity (NTU) TSS(_mg/l) PH Total alkali (mg/L) 
Alum dose 
(mg/L) 
Polymer dose 
(mg/L) 
Pac dose 
(m g/L) 
  1 391.5 1032 8 90 80 0 0 
  2 436 1620 8 90 80 0 0 
J 3 530 1690 8.1 95 90 0 0 
  4 520 1700 8.1 90 90 0 0 
  5 550 1790 8.2 90 90 0 0 
  6 560 1795 8 90 90 0 0 
U 7 570 1800 8 90 90 0 0 
  8 500 1815 8 85 90 0 0 
  9 590 2400 8.1 90 95 0 0 
  10 549 2020 8.1 90 90 0 0 
L 11 624 2400 8.1 90 105 0 0 
  12 700 2550 8 90 120 0 0 
  13 1060 3110 8 90 135 0 0 
  14 1425 3670 8 90 150 0 0 
Y 15 1700 9275 8 110 240 0 0 
  16 1640 5850 8 105 210 0 0 
  17 1600 3800 8 110 230 0 0 
  18 2175 7225 8.1 115 310 0 0 
  19 1740 7200 8 110 250 0 0 
  20 1720 7284 7.9 115 280 0 0 
  21 1650 6050 7.9 105 20 3 0 
  22 1822 5797 8 105 20 3 0 
  23 1995 5545 8 105 20 3 0 
  24 2140 10050 8 110 20 3.5 0 
  25 2510 8600 8 100 20 3.5 0 
  26 2650 11000 8 115 20 3.5 0 
  27 2625 10800 7.9 115 20 3.5 0 
  28 2700 10600 7.9 120 20 3.5 0 
  29 2215 7650 8 130 20 3.5 0 
  30 1835 6450 8 105 20 3.5 0 
  31 1950 6800 7.9 110 20 3 0 
  1 1965 6885 7.93 115 25 3 0 
  2 2000 6970 8 120 25 3 0 
A 3 1530 5000 8 105 20 2.5 0 
  4 1430 4600 8 120 20 2 0 
  5 1443 4525 8 110 20 2.5 0 
U  6 1462 4487 8 95 20 2 0 
 7 1500 4450 8 100 20 2.5 0 
  8 1625 5300 8 120 20 2 0 
G  9 1150 3250 7.9 100 20 2.5 0 
  10 830 2700 8.1 100 20 2 0 
U 11 820 2650 8 90 20 2 0 
  12 865 2850 8 100 20 2 0 
S  13 1170 2400 8 90 20 2 0 
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 14 1450 5650 8 120 20 2 0 
  15 1150 3750 8 120 20 2 0 
T  16 1100 3200 8 120 20 2 0 
 
  17 920 3150 8.1 115 20 2 0 
 18 600 2500 8.2 115 20 2 0 
A  19 632 2750 8.1 110 20 2 0 
  20 965 3600 8.1 100 20 2 0 
 U 21 1250 4700 8.3 95 20 2 0 
 22 3430 3300 8.1 95 40 2.5 0 
G  23 3980 4100 8 95 40 3 0 
  24 3372 3550 8.1 100 35 3 0 
 U 25 2765 3000 8.1 100 35 3 0 
  26 2620 3120 8.2 95 30 2.5 0 
 S 27 3500 4350 8.1 100 30 2.5 0 
  28 3100 3150 8 80 25 2.5 0 
  29 2300 2920 8.1 90 30 2.5 0 
 T 30 2150 2415 8.2 95 30 2 0 
  31 2280 2615 8 95 30 2.5 0 
S 1 1920 2260 8.2 100 30 2.5 0 
  2 2315 3125 8.2 100 30 2.5 0 
  3 2340 2930 8.2 100 30 2.5 0 
  4 1935 2375 8.2 100 25 3 0 
E 5 2475 2500 8.2 95 30 2.5 0 
  6 3550 4600 8.1 95 40 2.5 0 
  7 3140 3937 8.1 100 40 2.5 0 
  8 2730 3275 8.1 110 30 2 0 
P 9 2332 2487 8.1 105 30 2 0 
  10 1935 1700 8.1 100 40 2 0 
  11 1700 2220 8 95 30 3 0 
  12 1390 1700 8.1 100 30 2 0 
T 13 1520 1780 8.1 100 30 2 0 
  14 1315 1540 8.1 100 20 2 0 
  15 1110 1300 8.1 100 20 2 0 
E 16 1410 1650 8.1 100 20 1.5 0 
  17 1120 1370 7.9 100 20 1.5 0 
  18 1130 1470 8 100 25 1.5 0 
  19 1100 1300 8 100 25 2 0 
M 20 1080 1160 8 100 25 2.5 0 
  21 955 1020 8 100 25 2.5 0 
  22 830 880 8 100 25 2 0 
P 23 750 870 8 100 20 2 0 
  24 890 950 8 100 25 2 0 
  25 960 1200 8 100 20 2 0 
E 26 870 1080 8 100 20 2 0 
  27 1085 1250 8 100 25 2 0 
  28 950 1150 8 100 25 2 0 
R 29 815 1050 8 100 20 2 0 
  30 790 825 8 100 20 2 0 
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 Daily data of the flood season (first july-30 September ) 2002  
         
  Days TSS(mg/l)  Turbidity (NTU) PH 
Total alkali 
(mg/L) 
Alum dose 
(mg/L) 
Polymer dose 
(mg/L) 
Pac dose 
(m g/L) 
  1 740 620 8 100 0 0 20 
  2 920 795 8 100 0 0 22 
J 3 842 825 8 120 0 0 14 
  4 1220 1295 8.1 120 0 0 22 
  5 1136 1048 8 110 0 0 22 
  6 1018 905 7.98 110 0 0 16 
U 7 980 800 8 100 0 0 18 
  8 1520 1175 8 100 0 0 22 
  9 830 694 8 95 0 0 12 
  10 584 438 8.1 95 0 0 14 
L 11 695 500 8.1 100 0 0 20 
  12 720 602 8.1 100 20 1.5 0 
  13 1410 1100 8.1 110 20 2.5 0 
  14 2100 1930 8 110 20 2 0 
Y 15 2350 2925 8 120 20 3 0 
  16 2600 3108 8 120 20 2 0 
  17 9300 8296 8 125 40 5 0 
  18 13000 9320 8 100 45 5 0 
  19 14500 14220 8.1 120 40 6 0 
  20 10500 8620 8 120 30 5 0 
  21 12875 10640 8 120 30 5 0 
  22 15250 12660 8 130 30 5 0 
  23 22300 17100 8 130 60 3 0 
  24 19200 14500 8.1 110 50 4 0 
  25 12750 10680 8 130 50 2.5 0 
  26 11240 10000 8.1 125 50 2.5 0 
  27 10660 8400 8.1 120 40 2.5 0 
  28 11600 8920 7.99 116 30 2.5 0 
  29 11325 8940 8 120 0 0 25 
  30 11050 8000 8.1 125 0 0 15 
  31 9000 7020 8.1 125 0 0 14 
  1 10200 7576 8.1 120 0 0 20 
  2 17850 15300 8.1 110 0 0 30 
A 3 25500 21400 8 125 0 0 40 
  4 19500 14920 8.1 130 0 0 25 
  5 14000 13400 8.1 135 0 0 25 
U 6 14100 12240 8 135 0 0 25 
 7 10250 10164 8 130 0 0 25 
G  8 8230 6030 8 130 0 0 25 
  9 10500 9300 8 130 30 2.5 0 
  10 12500 11850 8.1 130 30 2.5 0 
U 11 10750 10250 7.9 135 30 2.5 0 
  12 11250 11400 8 120 30 3 0 
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  13 9525 9005 8 130 30 2.5 0 
S 14 9500 7980 8.2 140 30 1.5 0 
  15 10250 8934 8 130 30 1.5 0 
T  16 10500 11850 8 130 30 2 0 
  17 10075 9600 8 130 30 1.5 0 
 18 10850 10770 8 130 30 2.5 0 
A 19 8000 7600 8 130 30 1.5 0 
 20 5900 5772 8 130 30 1.5 0 
U 21 6000 5500 8 130 30 1.5 0 
 22 5500 5140 8 130 30 2 0 
 23 6062 5430 8 130 30 2 0 
G 24 6625 5920 8 125 30 1.5 0 
 25 4937 4000 8 125 30 1 0 
U 26 7500 6030 8 125 30 1.5 0 
 27 6980 6874 8.3 130 30 2 0 
S  28 9840 8000 8.3 125 30 1.5 0 
  29 4988 4838 8.3 125 30 1.5 0 
 T 30 4887 3990 8.2 125 30 1.5 0 
  31 4200 3484 8.2 125 30 1 0 
S 1 4150 3725 8 100 30 1.5 0 
  2 3920 2924 8 110 30 1 0 
  3 1650 1624 8.1 125 20 1 0 
  4 2000 2443 8.1 125 25 1 0 
E 5 1650 1900 8.1 125 25 1 0 
  6 1535 1526 8.1 125 20 1 0 
  7 1420 1273 8.1 125 25 1 0 
  8 1630 1575 8.1 125 20 1 0 
P 9 1470 1640 8.2 120 25 1 0 
  10 1422 1441 8.2 120 30 1 0 
  11 1260 1098 8.2 120 20 1 0 
  12 1110 1000 8.2 120 20 1 0 
T 13 1179 1100 8.2 120 15 1 0 
  14 1248 1237 8.2 120 15 1 0 
  15 1552 910 8.2 120 20 1.5 0 
E 16 850 772 8.2 110 20 1 0 
  17 855 815 8.1 105 20 1 0 
  18 825 780 8.2 115 25 1 0 
  19 820 760 8.1 105 20 1 0 
M 20 820 758 8.1 105 20 1 0 
  21 739 724 8.2 110 20 1 0 
  22 720 700 8.1 120 20 1 0 
P 23 730 715 8.1 110 20 1 0 
  24 706 690 8.1 120 20 1 0 
  25 1085 900 8.1 110 20 1 0 
E 26 1150 960 8.2 120 20 1 0 
  27 1250 1085 8.2 120 20 1 0 
  28 1550 910 8.1 110 20 1 0 
R 29 854 815 8.1 110 20 1 0 
  30 768 750 8.2 105 20 1 0 
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 Daily data of the flood season (first july-30 September ) 2003  
         
  Days  TSS(mg/l) Turbidity (NTU) PH 
Total alkali 
(mg/L) 
Alum dose 
(mg/L) 
Polymer dose 
(mg/L) 
Pac dose 
(m g/L) 
  1 920 1090 8.1 110 0 0 25 
  2 1340 1260 8.1 100 0 0 30 
J 3 1016 1230 8.3 100 0 0 15 
  4 1313 1575 8.3 100 0 0 15 
  5 1784 2020 8.3 110 0 0 15 
  6 2256 2570 8.3 110 0 0 15 
U 7 2194 2430 8.1 100 0 0 20 
  8 2163 2680 7.7 100 0 0 25 
  9 2132 2390 7.7 100 0 0 10 
  10 2736 2750 7.8 100 0 0 20 
L 11 2480 3010 7.8 100 0 0 15 
  12 8740 4360 7.8 100 0 0 20 
  13 15000 14600 7.9 100 0 0 25 
  14 13240 9265 7.9 100 0 0 25 
Y 15 12960 11640 7.9 100 0 0 15 
  16 19880 21125 7.9 110 0 0 45 
  17 14910 14400 7.9 110 0 0 40 
  18 14500 14460 8 110 0 0 30 
  19 16880 13940 8 110 0 0 40 
  20 11320 11410 7.9 110 0 0 45 
  21 16250 14040 7.5 125 0 0 40 
  22 14960 17750 7.9 150 0 0 45 
  23 9760 9160 7.9 120 0 0 40 
  24 9360 8440 7.9 120 0 0 35 
  25 10500 9200 7.9 120 0 0 35 
  26 9360 7800 7.9 120 0 0 35 
  27 7800 6830 7.9 125 0 0 40 
  28 8760 7900 7.9 125 0 0 40 
  29 11600 10476 7.9 125 0 0 30 
  30 10760 9900 7.9 130 0 0 40 
  31 9940 10160 7.9 125 0 0 40 
  1 12400 1178 7.9 110 0 0 35 
  2 9700 9590 7.9 125 0 0 45 
A 3 10360 9820 7.9 115 0 0 45 
  4 8280 6990 7.9 120 0 0 30 
  5 7520 6200 7.9 130 0 0 35 
U  6 8180 6640 7.9 125 0 0 35 
 7 6880 7900 8 125 0 0 40 
  8 5580 4800 8 110 0 0 35 
 G 9 6000 5200 8 120 0 0 35 
  10 5130 4580 8 130 0 0 35 
U 11 7980 5740 8.1 125 0 0 35 
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  12 7100 6230 8.1 130 0 0 20 
 S 13 7130 5410 8 125 0 0 25 
 14 13896 9000 8 125 0 0 35 
  15 11398 9090 8 120 0 0 35 
T  16 8900 8430 8 120 0 0 25 
  17 5420 4530 8.1 130 0 0 15 
 18 5530 4530 8.2 125 0 0 15 
A  19 4160 3470 8.1 115 0 0 15 
  20 5700 3370 8.4 105 0 0 15 
 U 21 2935 2415 8.3 100 0 0 15 
 22 3850 3652 8.3 120 0 0 10 
  23 6500 4890 8.2 130 0 0 10 
G  24 5962 4875 8.3 120 0 0 15 
  25 5425 4890 8.3 90 0 0 15 
 U 26 4887 4400 8.3 90 30 1.5 0 
  27 4350 4080 8.2 95 0 0 15 
 S 28 7320 5420 8.2 120 0 0 15 
  29 8500 6740 8.2 110 0 0 15 
 T 30 6920 5860 8.3 110 0 0 15 
  31 6100 5500 8.3 110 40 1.5 0 
 1 4430 4170 8.2 115 45 1.5 0 
S  2 4325 3870 8.2 110 45 1.5 0 
  3 3460 3570 8.1 95 40 3 0 
  4 4790 3970 8.3 95 40 2 0 
E 5 4000 3000 8.3 95 40 2 0 
  6 3430 3780 8.1 100 40 2 0 
  7 3690 2760 8.1 85 40 2 0 
  8 4037 2990 8.1 90 40 2 0 
P 9 4384 4096 8.1 100 40 2 0 
  10 3780 3030 8 90 40 2 0 
  11 3680 3000 8 90 45 2 0 
  12 2790 2000 7.9 90 40 2 0 
T 13 2000 1850 7 85 40 2 0 
  14 1210 1185 8 85 30 2 0 
  15 2230 1640 8 90 35 2 0 
E 16 2412 1926 7.9 90 30 2 0 
  17 2055 1650 8 90 30 2 0 
  18 2050 1630 7.9 95 30 2 0 
  19 1414 1100 7.9 85 25 2 0 
M 20 1330 1160 7.9 80 20 2 0 
  21 1296 1056 7.9 80 20 2 0 
  22 1300 879 7.9 75 20 2 0 
P 23 1254 1032 7.9 80 20 2 0 
  24 1230 1134 7.9 80 25 2 0 
  25 1056 970 7.9 85 20 2 0 
E 26 960 865 7.9 85 20 2 0 
  27 794 806 7.9 80 20 2 0 
  28 748 733 7.9 95 20 2 0 
R 29 756 800 7.9 95 20 2 0 
  30 874 852 7.9 90 15 2 0 
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Annex (3) 
WHO Guide line Values for Drinking Water Quality 
1/ Bacteriological quality of drinking water : 
Organisms                                                 Guideline value 
 All water intended for drinking  
E.coli thermotolerant coliform bacteria       must not be detectable in any  
                                                                      100 - Ml sample. 
Treated water entering the distribution system 
E.coli or thermotolerant coliform bacteria    must not be detectable in any 
                                                                      100 – Ml sample. 
Total coliform bacteria.                                Must not be detectable in any                   
                                                                      100 – Ml sample. 
Treated water in the distribution system  
E.coli or thermotolerant coliform bacteria.   Must not be detectable in any  
                                                                       100 – Ml sample .  
Total coliform bacteria                                  must not be detectable in any  
                                                                       100 – Ml sample. 
2/ Chemicals of health significance in drinking – water 
Inorganic constituents: 
                                                                                Mg/l 
Arsenic                                                                    0.01 
Cadmium                                                                 0.003 
Chromium                                                                0.05 
Cyanide                                                                    0.07 
Fluoride                                                                    1.5 
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Lead                                                                          0.01 
Mercury                                                                     0.001 
Nitrite (as NO3-)                                                         50 
Nitrate (as NO2-)                                                         3 
Selenium                                                                    0.01 
Organic constituents: 
Benzene                                                                      10 
Trihalomethanes: 
Chloroform                                                                 20 
3/ Substances and parameters in drinking – water that may give rise 
to complaints from consumer: 
Physical parameter: 
Color                                                                  15 TCU 
Taste and odor                                                    - 
Temperature                                                          - 
Turbidity                                                               5.0 NTU 
Inorganic constituents: 
Aluminum                                                              0.2 mg/l 
Ammonia                                                                1.5 mg/l 
Chloride                                                                   250 mg/l 
Copper                                                                     1.0 mg/l 
Hardness                                                                   - 
Hydrogen sulphide                                                  0.05 mg/l  
Iron                                                                          0.3 mg/l 
Manganese                                                               0.1 mg/l  
Dissolved oxygen                                                       - 
PH                                                                        6.5 -8.5  
Sodium                                                                 200 mg/l 
Sulphate                                                               250 mg/l 
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Total dissolved solids                                           1000 mg/l 
Zinc                                                                       3.0 mg/l 
Disinfectants : 
Chlorine                                                                600 – 1000 µg/l     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
           
 
                                                                         
    
 
